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INTRODUCTION

Since World War II teachers in elementary and junfor high sechools
have become more aware of their need for scientific knowledge in
teaching their students effectively in the ficld of science.
Studies, conducted by the supervisory staff of the project area,
show that many children, on reaching high school, avoid the study
of the sciences at that level. An intensive pilot-activity pro-
gram has been conducted in eartii-space sciences and related phy-
sical scionces in the tri-county area during the 1967-1968 school
year to determine activities which would sustain their interest
and would promote a desire on tho part of the students to extead
the study of science through their high s2hool yeare.

Since many of the teachers in rural elementary and junior high
sthools of our arca must teach all the course offerings for their
grade levels, wo prepared this sylladbus to assist the individual
teacher in presenting unite of study in the earth-space sciences

and related physical sciences using inexpensive materials and

equipoent,

114



CONTENT !

ASTRONOMY

INTRODUGTION

VOCABULARY

CONCEPTS

To teach students the four cardinal points (direction)
and the direction in which the earth rotates.

To construct a daylight telescope.

To construct a stand for a daylight telescope.

To make constellation disks for studying the constellations.
To construct a working model veflecting telescope.

To demonstrate and explain parallax.

To construct a sun dial.

To explain and demonstrate the causes of daylight and darkness.

To explain tha prism - What it {s - Whal it does ~ How it
works.



ASTRONOMY
INTRODUCTION

Astronomy is an old 2:ience. The ancient Babylonians, Fgyptains,
Greeks, Ii:dians, and Chinese spent a 3reat deal of time studying the
location and motion of the stars in the heavens. They gave the stare
and heavenly bodies names which we still use today. They even nade a
descriptive catalogue of the stars they could see.

Today as‘ronomy means much wore than this to man. An astronomer
may study how distant stars are from the Earth and from uther stars,
what they are made of, how much 1ight energy they give off, how fast
they are moving, and how old they are.

In studying astronomy there are some basic terms in whicl students
should know. Below areasironomical terms which will aid the teacher
and student in dsveloping a bstter understanding while studying
astronomy.

VOCABULARY

1. Altitude - Elevation of an astronomical body above the horizon
(in degrees). At horizon, O degrees at zenith 90 degrees.

2. Aperture - An opening admitting light-hole or gap.
3. Astronomy - The Science of the Stars-bodiee of the universe.

4, Astronomical Unit - The distance from the Earth to the sun.
93 nillion miles. (A.U.)

5. Axis - A straight line, real or imaginary, passing throuph a
rotating body and which {s the line about which that body rotates

6. Azmuth - The angle, measured west along the horizon from the
South point directly below a star.

7. Celestial Coordinates - Imaginary linas on the celestial sphera
used to Jocate stars, other objacts.

8. Croscent - The shaps in which lass than half of the face of the
woon 18 {lluminated by the Sun. New Moon and first quarter Moon
third or last quarter of tha Moon.

9. Declination -~ Angular distance in degrees north (plus) or south
(ainus) of the celestial equator. (equivalent to latitude on
earth),

10. Ecliptic - The apparent path of the sun through the stars.

11. Eclipse - Obstruction of one celestial body by another. Usually
restricted to the Sun, Noon and Satellites of other planats.




12, Equator - lLine drawn around earth, halfway between North and
South Pole.

13. Filament - Irregular, narrow lines seen on inside of bulb.

14, Geocentric - Viewed or considered from or referred to the center
of the earth,

15, Geocentric Motion - Planet motion as observed from the earth.
16, Horizon - A line where tho earth and the sky appeay to meet.

17. Latitude - Angular distance North or South of the Equator,
measured in degrees (0-90) along the Meridian.

18. Lunar - Pertaining to the Moon. Measured by Moon's revolutions.

19. Light Year - Measure of distance, the distance traveled by light
in one year, moving at 186,000 miles per second.

20, Magnitude - Hrightness of a star. The lower the number the brighter.

21, Mevidian - lmaginary circle on the celestial sphere which passes
through N and S points of herizon and observer's zenith,

22, Messier Objects - The hundred-odd brightest clusters, nebula,

galaxies as listed by French astronomer Charles Messier
(1730-1817).

23. Milky Way - The vast group of stars which includes our Sun.

24, ‘Moon - A satellite of the earth, revolving about tha earth fron
West to EBast in a 1ittle less than a calendair wmonth.

25, Nadir - Point on the celestial sphere directly beilow the observer.

26, Opposition - Position of a planet when it is exactly opposite the
Sun.

27. Orbit - The Path in which one body revolves about another under
the gravitational attraction of the latter, as a planat or comet
around the sun, or a satellite around a planet.

28. Planetarium - A complicated, multiple projector which by means
of many lenses produces on a hemispherical Doae a picture of the
sty with all the heavenly bodies that can ba szen with the naked
eya, togather with their nmotion through days and years.

29. Planet - A large solid, spherical nass of matter that revolves
in an elliptical ordi? of which the sun ie one of the foci.




30.

31.

32,

33.
34.

36,
37.
38,

39.

40.
41,
42,

Precession - Slow gyration of earth's axis. Takes 25,800 years.
Retrograde Motion ~ Backward (westward) motion of the planet
amoug the stars, resulting from the fact that we view it from
the moving earth.

Right Ascension - Equivalent of longitude on Earth. Measured
@gqstward, in lLours, minutes and seconds of time.

Satellite - A body that revolves around & planet, a moon.

Sidereal Day - Interval in which earth rotates once on its axis.
About 4 minutes shorter than solar day.

Solar Day - Interval from Noon to Noon or from Sunrise to the next.
Uneven in length,

Solar - Pertaining to the Sun.

Stars - Other suns, some brighter and some fainter than our sun.
Sun - The star around which the planets of our solar system
revolve aud which 1s the source of all light, heat, and life on
the earth,

Sunspots ~ Dark blotches on the solzy dise. Actually violent
storms.

Transit - Passage of a star across the meridian.
Variable Stars - Stars not constant in their output of light.

Zenith - The point of the celestial sphere directly overhead,
90 degrees above the horizon, for any point on earth.
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III.
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V.

OBJECTIVE:

WORD_STUDY:

MATERIAL:

PROCEDURE ¢

CONCLUSION:

ASTRONOMY

To tecch the student the four cardinal points of direction
and the direction in which the earth rotiates.

North Sunrise Rotate
South Sunset Rotation
East Solar System Clock-wise
West Equator Counter~clock-wise
18" Cardboard disk Paint brush
Yellow water paint 6' Cardboard
Letters: N-North E-Easgt
$=-South W-West
A, Cut letters from cardboard or construction pajer.

B. Color 18" cardboard disk with yellow water paint.
C. 18" disk will represent Sun,
D. Have 4 students place cardinal points toward true direction
along wall in classroom.
E. Have one student to hold disk to represent Sun.
He should stand at the center of the South wall facing North.
F. The class should stand at theilr deck and face the Sun.
East will be left ~ West to the right.
G. Instruct students to rotate left -~ or toward the East.
This will be in a counter-clock-wise direction,
H., Continue activity until children know direction and direction
of the rotation of the earth.

The earth (student) rotates from right to left, or from West to
East, or counter-clock-wise as viewed from above the North Pole.

FURTHER ACTIVITIZES:

The causes of day and night can be taught by these activities.



ASTRUNOMY

OBJECTIVE: To construct a daylight telescope.

MATERIAL: 1 - 4" cardboard cylinder - 16" long.

(This will vary)

Masking tape.
Black construction paper.

PROCEDURE: A.

FURTHER ACTIVITIES:

Cut disk from construction paper.

This should cover outside edge of cylinder.
From construction paper cut rectangular

plece 3-1/2" x 3-1/2" and form small cylinder
for eyeplece.

Take the disk and cut hole in center so the
eyepiece will slip into hole about 1/2 inch.
Attach by using tape. (Make this light free)
Place eyeplece and disk over one end of cyliuder,
Attach by using tape.

Assemble as ililustrated below,

YN OCBJECTHE

TUBE
, (/6" Love, 4" PHUMETER)
__—DISK

EYEPIECE
(3"Lone, 1" DIAMETER)

Making meunt for daylight telescope.

Making the corstellations by punching holes in
disks tc form the outline of the constellations.
(These disks are to be placed over the objective
end of the telescope)



ASTRONOMY
NRJECTIVE: To congtruct & stand for a laylight telescope.

MATERIAL: 1" x 2" board - 12" long
2 triangular braces 2' for the base and altitude side,
Plywood 1/2 thick, 3'" x 9" square
Wire coat hanger
8 - 4 penny finishing nails and 1 - 10 penny finishing

nail,
Glue
PROCLDURE: Assemble as shown in 1llustration. Use glue on all joints.
2 WIRE COAT f/AN6Ek/
WATYEh
" AR Lo O A
4 PENNY DAYLIGHT
LIG
NAILS TEZ;scofe
Wit STaxD

! ;:_

USE 10-~PENNY NAIL UNDERNEATH-

BASEBLARYD To ATTACH VERTICAL
SUPPoRT

FURTHER ACTIVITIES: Study the constellations.




ASTRONOMY

OBJECTIVE: To make constellation disks for studying the
copstellations.

MATERIAL: Black construction paper
Compass
Nail
Scissors
Scotch tape.

PROCEDURE ¢ A. Draw disks to cover outer edge of Daylight

Telescope,

B. Cut out disks.

C. Use star chart to get this information.

D. Use nail by punching holes that outline the
constellations being studied.

E. Note illustration below.

F. Use scotch tape to attach each disk to the
objective end of the daylight telescope.

DRAW CIRCLE
AND CONSTEULLATIONS

USE MAIL TO
PuncH HoLES

Scorcy
TAPE oM o
CowgrrucTion SRR orracur weescore
PAPER P

VRSA mINOR CASSI0PEIA CEPHEUS

FURTHER ACTIVITIES: A. F¥or studying circumpolar or seasonal
constellations have the student look in
the direction in which this particular
constellations will be found at a specific
time that night.



ASTRONOMY

I. OBJECTIVE: To make a working model reflecting telescope.
I1. MATERTALS:
A, 1-1/2" concave mirror G. 2 strips, 3/4" x 3/4" x 2"
B. 1" x 1-1/4" flat mirror H. Wire nails, 1-1/4" long
C. 3/4 inch double convex lens I. Glue
D. Board, 3/4 inch » 2" x 4" J. Wire coat hanger

E. Board, 3/4" x 2" x 2-1/2"
F. 2 strips, 1/2" x 3/4" x 3'

I1I. PROCEDURE: A. Assemble reflecting telescope as illustrated.

B. For appearance, this can be sanded, varnished
and waxed, not painted,

T oz GLUE
MIL <—~—~—> —1 Woep ro
movnee AN
VERTICAL . N 75 weop
/% V

SUPPIRT 7 I

"
5" Cowcave MIRROR LENS HotpER

‘ FROM CoAT
FLANE DIIRROR. //Még/;a

WoOL MIRROK.
SUPPORT

-
4
4
II
oY,
PIEC
35y5 ECE- <
( " Dovpre Cowvex AEMS‘) ~/
Iv: OBSERVATIONS: A, This model actually works and can be focused

by moving vertical support.,
B, A reflecting telescope turns objects upside
down and backwards.

V. CONCLUSION: A. The larger concave mirror of a reflecting
telescope gathers and concentrates the light
of the object being viewed.

B. This concentrated light 4s 1ef1ected back to
the plane mirror, and from there through the
eyepiece (the double convex lens)



ASTRONOMY

I. OLJECTIVE: To demonstrate and explain parallax.

II. MATERIALS:
A. Pen or pencil
I1I. PROCEDURE:

A. Hold the pen or pencil vertical at arms length at eve level,

B. Close left eye and point the pencil with an object on far wall.

C. low close your right eye and observe where pencil is pointing.

D. Uith right eye closed, again align penci) with object on wall.

E. 1llold pencil in same position -- open right eye and close left eye.
F. Repeat the above, - but hold pencil closer to your eyes.,

GIOHT WITW RIGHT EVE W'TH LEFT EVE cu:ﬁg,u
MOYE PENCIL. ONER ONTIL 1T OBSTRUCTS oUND
oF OBJECT. NOW CLOSE RIGHY EVE AND OPEL OBIECT s FoREGR

LEFT EVE WHILE poLDING {

PENCIL SYEAOY.

VIEW oF ©OBIECTY 13
NO LONGER OBSTRUCTED g
BY "THE PENCGIL. . P ot e,

& PEnaL NOTE SHIFT oF BAKGRouUND e
As LINE OF S16MT IS CHMANGED. BACKGROUND

Loty

S~ OBYECT

IV, OBSERVATIONS:

A. Pencil appeared to move to the right when B and C above were performed.
B. Pencil appeared to move to the left when D and E above were performed.
C. Apparent motion was greater when pencil was held closer to eyes.

V.,  CONCLUSION:

A. Parallax is the apparent movement or change of direction of an object
resulting from the changing direction or position from which viewed.

B, It 1s expressed in terms of angular degrce.

C. 1In astronomy, it 1s the apparent shift in u star's position eesulting
from the different positions of the earth in its crbit.

D. By observing the angular degree of a given star from two different
points at the same time, the distance of that star can be calculated
by geometry.




ASTRONOMY

E. ERATOSTHENES, a Greek astronomer who lived between the years of 276
and 194 B.C. used mathematics and parallax to calculate
the circunference of the earth at 25,000 miles-=-=-~--
amazingly close to the true circumference of about

24,900 miles.

The angular degree between Alexandria and Syene was 7 1/2
degrees on the same day.




ASTRONOMY

OBJECTIVE: To construct a Sun Dial,

MATERIAL: 5" x 8' card
Straight edge (ruler)
Protractor or compass
Pencil
4 penny shingle nail
Scissors or razor blade
Scotch tape or paste

PROCEDURE: Constru-t as shown in 1llustration below.

///Cvrrﬂﬂs:%w&% LINES
L 115 .SHOWA/ fM’D
FoLD DowN

/

s

| |
INSERT MNAlL

( THIS ANGLE Stouvep
BE THE SHME As
THE DESREE OF
LATITVOE ,

FoLo <ARD Kk,
E SO 77
OVERLARARS Trs 2. Ar dg‘é

(7%7€ or rASTE 77385 TH6ETHER)

THE MVELE FoRmigp Sriovto BE
THE SAME OFEREE Aps Yove.
LATITUDE

FURTHER ACTIVITIE,: Study apparent solar time. Know parts of a

sun dial,



ASTRONOMY

I. OBJECTIVE: To explain and demonstrate the causes of daylight and

darkness.

I1. MATERIALS:

A,
B'
C.
Dl
Bl
Fl
G.
H.

Globe of the world

Glue

Glitter

Flashlight or ehowcase incandescent lamp

Can

Wire coat hanger

Tin snips

Toothpick and small piece of paper, small bit of modeling clay

TIN CAN
] iE/FLECTOR i g AxIS AT ANGLE

f  oF INCLINATION

SHOWCASE
LAMP

L

GLOBE




III. PROCEDURE:

A, Make a small triangular flag, attach to the toothpick, add glue to
cach side and cover with glitter,

B. Using the bit of modeling clay, attach the flag to your geographic
location on the globe.

C. Using the tin can, coat hanger and tin snips, make a deflector that
will cover one side of the showcase lamp,

D. Set up this equipment as illustrated, with the exposed part of the
showcase lamp pointing away from the students.

E. Darken the room as much as possible.

F. Slowly rotate the globe toward the east: Watch the glitter on
the flag to catch the beam at "sunrise" and the last beam at
"sunset".

G. Have the students determine when it is Noon at their location.

H. Have the students determine when it is Midnight at their locationm.

IV. OBSERVATIONS:

A. As the earth is rotated toward the east, the flag catches the first
rays of ''sunlight" as it comes just over the horizon, indicating
dawn or the beginning of daylight.

B. When the flag is pointed directly at the sun, it would be Noon.

C. As tne flag goes down over the horizon, catching the last rays of
suulight, dusk is beginning and will be followed by darkness.

V. CONCLUSION:

Daylight and darkness are caused by the rotation of the earth on its
axis, making it appear that the sun is revolving around the earth.




ASTRONOMY

1. OBJECTIVE: The prism----What it is---\hat it does---llow it works
II. MATERIALS:

A, Large drawing of the spectroscope
8. Tf possible, a spectroscope

11I. PROCEDURE:

A. Uising the dlagram, and if available, the spectroscope, point out
the various parts of the spectroscope and explain their functions.

B. 1€ a spuctroscope is available, allow che students to observe tle
light from an incandescent light and fluorescent light., Compare
tiie spectra.

OPTICAL
LT

Q&

COLLIMATOR
uGHT SOURCE

IV. THE SPECTROSCOPE:

A. Spectroscope: an optical instrument used to examine the spectrum of
any luminous source.

1, Collimator: 1is a tube with a narrow slit at one end and a con-
verging lens at the cther to produce parallel light
rays.

2, PRISM: to break up the white light into the component coler-

ed rays, ~-- the spectrum.

WO



V.

3. Telescope: consists of a tube with lenses and an eyepiece and
is for observing the spectrum produced.

4, Scale: attached to the spectroscope and used for making
precise measurements of spectral wave lengths or
the index of refraction.

B, Spectrometer: simply a spectroscope fitted with a ecale as in #4.

C. Spectrograph: simply a spectroscope fitted for photographing a
spectrum,

D. Spectrogram: a photograph of the spectrum.
ADDITIONAL INFORMATION:

A. Most substances will glow when heated and changed to gases. Each
substance, when luminous, emits a characterietic spectrum, unlike
that of any other substance, with dofinite lines that are always
in the same position.

B, Scientists use this knowledge to indentify the elements and com-
pounds of which tlic various planets and their atmosphere are
conposed, w=aee Also in determining the composition of our sun
and other stars.



LIGHT

CONTENT :
INTRODUCTION
VOCABULARY

CONCEPT

The parts of the eye and their function.

To show that light tra: :ls in a straight line in all
directions from its su.tce,

To explain and demonstrate the diffarence between a 'real
fmage" and a "virtual image.”

To demonstrate the forming of 'virtual" and "real" images
with various types of lenses,

To demonstrate and explain the "focal point" and "focal
length'' o€ a lens or mirror.

To demonstrate and explain: transpareat - translucent -
and opaque.

Two ways to demonstrate refraction.

To demonstrate that the angle at which light rays enter a
substance effects the refraction.

To demonstrate and explain an optical 1llusion,

To demonstrate that the color of an object {s deternmined by
colors of the light it reflects and absorbds.

To show how the camera is 1ike the eye.




LIGHT
(continued)

To demonstrate that light rays travel in a etraight line. To
demonstrate how a pinhole camera works.

To make & spectroscope.

To construct a periscope and explain how it works.

To explain the incandescent lamp and how it works.

To explain how the fluorescent liyat works.




1,

2.

3.

-4-

LIGKT
INTRODUCTION

What is light?
A form of radiant energy to which the human eye is sensitive.
Produced by rapid vibrations of certain types of electromagnetic
waves and particles called photons.

Whera does light come from?

Cenerally speaking, the light that gives us daylight comos frouau
the sun. However, this radiani energy that we interpret as light
may be transformed from uvther forma of energy; chemical energy to
light during combustion; enlectrical erargy tv light in the various
lighting devices.

Is our eye gensitive to all radiant eneryy from the sun 01 otherwige?

No. The visible spectrum {e but a very emall part of the electro-
magnetic spectrum which {g¢ emitted in the form of radiant energy
fron the sun.

“VISBLE LIEHT
L X=RAYS
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( - e b Gh WS on A .
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.,
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*

Py 200 10" J0™ Y won #1 freprency n Cres ope,

Just what does the visible spectrum consist of?

It is that dband ot white light to which the eye is sensitive and {s
nade up of the primary colors:

ROYGBIV

ERERLNI1

DALEREVUDO This {s the order of the colors of the visible
NLEERIL spectrum, Red hue the longest wave length aad
GON GCE violat hae the shortest wave length to which
B M 071 the eve 10 sensitive,
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6.

8.

9.

10,

11,

12,

What is meant by infrared?

These are invisible rays just beyond the red of the visible
spectrun: their waves are longer than those of the visible
spectrum and they havc a penetrating heating effect.

What is ultraviolet 1ight?

Ultraviolet light is light of extremely short wave length and
lying just beyond the violet end of the visible spectrum. The
wave length is tov short to be detected by the eye. The ultra-
violet rays are the rays which give us a sunburn or suntan.

How does light reach us from i 's source?

Light travels in a straight linec in all directions from its
source in rays. Thes» rays are in the form of waves and vi-
brating particles called photons.

What 1s the speed of light?

Light travels at a apeed of about 186,000 miles per secord. It
takes light cight minutes to reach the earth from the sun,

Can light rays be ben:y?

Yes, This "bending" 18 celled refraction. It can be accom-
plished when a ray of 1ligh® passes through one mediun to
another of different density and at an angle. A prism is used
for this purposae when studying light, and moisture in the
atmosphere acts as a prism causing a rainbow to form.

What 18 fluorescence?

The groperty of a substance te prcduce light when acted upon by
radiant energy such as ultraviolet light 'or X rays. Fluorite
and certain other minerals are fluorescent under ultraviolet
lighto

What {s phosphorescence?

The property or condition of giving off 1ight without notice-
able heat or conbustion, as shown by phosphorus in the dark,

certain decaying wood, lightning bugs, (fire flies) and cer-

tain ninerals that have been exposed to ultraviolet 1ight.

¥What is incandescence?

The property or condition of glowing with intense heat,
especially white-hot, such as th3s sun, a filament light buld,
or a piece of metal heated until it fs white-hot and gives
of#¢ lishto



13. V¥hat is 8 prism?

A piece of polished glass whose ends are nquail and parallel trianglet
and vhose three sides =re parallelograms. The ends not polishrd., It
is used for refracting lipht rays i:to the rpectrum,

—— —— i < ——

TR

14, Wnat is a diffraction graéing?

A diffraction 1s a plate of glass, clear plagtic or polished metal
ruled with 2 series of very closa, equidistant, parallel 1ines and
15 used to produce & epactrwa Ly thz diffraction of reflected or
trensmitted light, They are ruled 600 linar or grooves per te,

15. a

‘»

a apectroscope and what is it used for?

It is an optical instrument used to form spectra for scudy, especial-
ly of raflcited light of varicus «lements and compounds and the trans-
mitted 1ight of atars. It ia the ura of the spectroccope that has
enabled s:ientirts to determins the composition of the atmosphere of
the various planets., Each element refracts light in fte own way, thus
making it possible to ifdentify each elament by ite spectrum and even
the majority of the various compounde,

16, What {s the difference between "luminous” and "1lluminated?”

A "luminous” body gives off light. Aa "$iluminated" dody fe lighted
frem a source other than {tself,

17. Since most cbjects are not "luminous” or "incaniescent”, how do we see the

various objects?

We see them by reflected light fiom some luainous or inceadescent
object, Reflocted 11ght comes from the object to the ayes.

o / s
Y -




1.

2,
3.

4,

3.

6.

1.

8.

10,

11,

12,
13,

14,

15.
16,
17,

18.

LIGHT
IMPORTANT TERMS

MIRROR: Any smooth surface that reflects the image of objects; especial-
ly a plece of glass coated on the ren:rse side with silver.

PLANE MIRROR: Any mirror whose reflecting side is flat.

CONCAVE MIRROR: Any mirror whose reflecting side curves inwards towards
the center and away from the object.

CONVEX MIRROR: Any mirror with the center curving outward towards the
object.

REFLECT: In the case of light, to bend back the rays ¢f light in the
direction from which they came, or to produce an image.

FOCAL LENGTH: The distance from the center of a lens or mirror to the
poiut where the refracted or reflected rays converge.
(meet)

FOCAL POINT: The point where the rays of light reflected by a mirror or
refracted by a lens converge. (meet)

REFRACTION: The bending of light rays as they pase from a wedium of one
density to a nedium of another density.

LENS: A piece of transparent matorial having at lcast one curved surface
and capable of refraccing light.

CONVEX LENS: A lens with one side curving outwards fron the center
towards the objcct,

DOUBLE CONVEX LENS: A lens with both surfaces curving outwards from the
center.

CONCAVE LENS: A lens whose surfaec curves inwards towards the center.

DOUBLE ‘CONCAVE LENS! A lens whose two surfaces curve inwards to the
center and awvay from tha objecct.

COMPOUND LENS: A lens made up of twdo or more lenses. Most cameras,
telescopes, microscopes, binoculars, etc. have com-
pound leuses.

MAGNIFY: To nake an object appear larger.

HAGNRIFYING GLASS: Any lens that will magnitj.

IMAGE: The visual impression of an object produced by reflection from
a nirror or refraction by a lens.

OBJECT: A material thing that can be seen or touched; that material
thing at which a sirrot or lens is ained.



19, CANDLE POWER: A unit of measure used to indicate the strength of a
light asource. This term caze from the urginal standard,
a burning candle, which 138 been veplaced by the light
emitted by thorium oxid. when it is heatcd to a temper=-
ature of 1755 degrees C., the temperature of melted
platinum, A squsre centimeter hole is cut in a box and
the 1ight emitted from this hole has a strength of 60 can-
dlespower, The ivtea:zity of other lights are standard-
ized by comparing with this.,

1_,CA NDLE POWER

SPERM CANOLE THORIUM OXIDE
AT A TIMPERATURE
L]
gmcn OIAMETER of 765

OLD STANDARD ’

20, YOOT CANDLE: The intensity of 1llumination on & esurface one foot from
& standard candle.

21, LIGHT METRK. An instrument for massuring the intensity of light in foot
candles., It contains a photoelectric call which 1o sep-
sitive to 1ight.



LIGHT

1. OBJECTIVE: The parts of the eye and clL:iv functions.

I1. MATERIALS: v BRON

~ s 2G" VITREOUS
-~k HUMOR
FOVEA

evetasn e ~S 2y o BRAW
EVELID —

- secLE OFI7C
-—-~~~s.. * e . -Méﬁ‘/g

- . o o
- -
-

Coriex ENS
THINNER ~ AR
THE EYE TNICKER ~ NEAR

CBIECTS
ITL. THE PARTS OF TUE EYE:

A, CORNEA: A thin transparent covering over the front of the eyebsll.
It protects the iris and pupil,

B. AQUEOUS HUMOR: Transparent, colorless substance between the cornea
and the {r{s, it act? as a lens bending the light to asone
extent.

C. 1IRIS: That part of the eye that contains the coloring matter
(pigment), giving the eyes their dbrown, blue or green
color. 1t surrounds the pupil and opens and ¢loses like
a diaphram 5n a camera, alloving the correct amount of
11ght to enter.

D. PUPIL: 1s just the hole or opening in the middle of the iris
through which the light enters the eye.

E. LENS: It 18 divectly behind the pupil, It gets thinner or
thicker so that light that enters the eye is properly
focused and the object can ba seen clearlv. Muscles
and ligaments control the focusing of the leas.

F. VITREOU'S HUMOR: A transparant, colorleas, jellylike substance
that £4lls the eyeball between the lens and the retina,
EMC It acts as a lens, bending the light to some extent.




G.

H,

I,

K.

L.

M,

RETINA: The innermost coat of the back part of the eyeball containing
a layer of cells sensitive to light, The image formed by the
lens 1s focused on the retina and {5 directed to the dbrain by
way of the optic rerve. The retina of the eye might be com-
pared to the film in a cumera.

0?TIC NERVL: The nerve cells of the retina come together to form this
nerve. It carries the image of the object to the brain where
it 1e interpreted as sight, or what we see.

SCLERA: 1Is the tough, white, fibrous membrane covering all of the eye-
ball except that area covered by the cornea.

EYELIDS: Close automatically by reflex to protect the cye from foreign
objects.

EYE BROWS-EYE LASHES: Help keep dust and other matter out of the eye.

HOLLOW BONY SOCKET: Bone above and below for protectfon,

TEAR DUCTS: Secretc a salty sclution that lubricates the eyeball.



Sy

LIGHT

1. OBJECTIVE: To show that light travels in s straight line in all directions
from its source.

11, MATERIALS:
A, Three pleces of cardboard about six inches squars.
B. Paper punch or other device for punching holes.
C. A light source, -====-= candle or small incandescent lamp.
I1II. PROCEDURE:

A, lolding the three pieces of cardboard together, punch a hole through
all three at the same time.

5. Arrange tlie cards 80 that the source of light can be seen by looking
through ti‘e holes.

How are the cards arranged when this {s possibie?

C. HMove the cards to many positions around the source of 1light and
arrange so that the light can be seen.

Can the light be seen from all positions 1f the cards are arranped

properly?
Lirénr
F 4
STRAlgur ﬁ
LINE 4
fktz}op ,
G
e \

y LIGHT




IV. OBSERVATION:

A, The holes were in a straight line when the source of light could
be sgeen,

B. The gource of light could be seen from any position providing
the holes were in line.

V. CONCLUSION:

Light travels in a straight line in all directions from its source.




I,

1I.

III.

LIGHT

OBJECTIVE: To explain and demonstrate the diffcerence bLetweep a

"real image' and 'virtual imspe".

MATERIALS :
A. Plane mirror
B, Concave mirror
C, Convex mirror
D. Candle
E. Piece of white paper
PROCEDURE :
A, Place a lighted candle closer to the concuve wmirror tnan the
focal length,
1. What kind of an image is forwed iu the nivror?
2, Can this Jmage be formed on a plecc of paper? Hold the
paper at varying distances in front of the mirror.
B, Hold the candle further away from the wmirrer than its focal
length.,
1, What kind of an image ia formed in the wmirrox?
2. Can this image be formed on a piece of paper? Hold the
paper at varying distances in front of the paper.
C. Place the candle at different distances from the convex and plane

mirrors and obdserve.

1. Can the image be cast on the paper?
2. What kind of image is formed in tha mirror in each case?

CONCAVE. CONVEX.

RS WRKORC 4l

Concave

MIRROR. U

WAITE PAPER

\ oa/EcT
W anywwERE 08JEcr

£, : PLANE
peveeses ] fkon
ERECT & 7\
VIRTUAL ‘ .
IMAGE

VIRTUAL

IMASE —=E§g%%;




1v,

OBSERVATIONS:

A,

B,

D.

A.

B.

When the candle was held closer to the concave mirror than its
focal length, the image formed was up-right and increased in
size. This image could not be cast on the paper, and appeared
to be behind the mirror.

When the candle was held outside the focal point of the concave
mirror, the image formed in the mirror was reduced in size and
inverted. It appeared to be on the surface of the mirror. This
image could be cast on the paper and way also inverted.

When the candle was held at varying distances from the convex
mirror, the image was up-right, reversed and reduced in size
and could not be cast on a screen. It appeared to be behind
the mirror.

The image formed by the plane mirror was also reduced in size,
was up-right, reversed and could not be cast on the paper.

CONCLUSION:

A real image is one that can be cast on a screen. It is formed
by a concave mirror and is always inverted. It may be enlarged
or reduced in size.

A virtual image is one that cannot be cast on a screen and appears
to be behind the mirror. It is formed by plane mirrors, convex
mirrors, and inside the focal length of the concave mirror. It is
always in an up-right, but reversed position. Virtual images may
be enlarged or reduced in size.
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11.

11I.

LICKHT

OBJECTIVE: To demonstrate the forming of "virtual" and "real' inagaes with

various types of lenses.

MATERIALS :

A,
B.
Cl
D.

Convex lens

Concave lens

Sheet of plain white paper
Pencil

PROCEDURE :

A,

Hold the convex lens closer to an object than the focal length of the lens.

1., Was the object viewed inverted or upright?
2. Can the image be cast on the sheet of paper?
3. Is the image viewed through the lens larger or smaller than the object?

Hold the object outside the focal point of the lens.

1, 1Is the object viewed inverted or upright?
2. Can the image be cast on the sheet of paper?
3. 18 the image viewed through the lens larger or smaller than the object?

Hold an object at varying distances from the concave lens and observe.

1. 1is the object viewed inverted or upright?
2. Can the image be cast on the sheet of paper?

-

3. 1s the image viewed through the lens larger or smaller than the object?

DOUBLE CONVEX DOUBLE CONVEX LENS DOUBLE CONCAVE LENS
LENS FOCAL POINT PAPER
FOCAL
POTWT S l 2f
erVQ \ lMNg l ‘E‘
Q&;mﬂ HER
OBJECT )¢ ) .
REAL OBJEC
@ i IMAGE PAPER LENS
(INVERTED & VIR
TUAL IMAGE
LARGER) (ERECT & SMALIER)
LENS *THREE OTHER OBJECT
POSITIONS OTHER THAN
OBJECT THE TWO SHOWN ARE
POSSIBLE
IMAGE (VIRTUAL,
ERECT, & LARGER)




Iv.

V.

VI.

OBSERVATIONS :

A,

B.

C.

B.

C.

D.

Inages appear to be enlarged and ara up-right when the object
is placed inside the focal point of the convex lens. This
image cannot be cast on the paper. It is a virtual image.

When the object is held further from the lens than the focal
point of the lens, the image 1s smaller than the object, 1is
inverted and can be cast on the paper. It is a real image.

When an object is viewed through the concave lens, regardless

of its distance from the lens, its image 1s up-right and appears
smaller. The image cannot be cast on the paper. This is a
virtual image.

OBJECTIVE: To demonstrate the forming of “virtual" and “real“

images with the various types of lenses.

CONCLUSION:
A, Convex lenses form virtual images when the object is inside the

focal point of the lens. They may be enlarged or reduced in
size.

Virtual images only are formed by concave lenses. They are al-
ways erect and may be enlarged or reduced in size,

Virtual images cannot be projected on a screen.

Convex lenses form real images when the object is outside the
focal point of the lens. Real images are always Inverted and
may be enlarged or reduced in size. They can be projected on
the screen,



I.

II.

III.

1v.

LIGHT

OBJECTIVE: To demonstrate and explain the "focal point” and "focal
length" of a lens or mirror.
MATERIALS :

A. Concave shaving mirror

B. Magnifying lens, one or more
C. Sheet of plain white paper

D. Sun

E. Ruler with metric measurements

PROCEDURE:

A. Face the concave mirror towards the sun while holding the sheet
of white paper in front of the mirror so that the sun's rays
are reflected onto the paper.,,

B. Position one end of the metric measure againat the paper and move
the mirror slowly back and forth against the measure until the
reflected light 1s concentrated into the smallest apot possible.

C. Repeat this several times while checking the distance of the
center of the mirror from the paper in millimeters. (mm) Re-
cord these distances and take the average.

D. Using the various lenses, repeat A, B, C. : -
’ P s Lews /? s °,‘,:,1,,4.
PR | s
\) (one
-~ FOCAL
omRoR sWW_ -~ Paraes Lenen
!
m THE - RAYS FRom _
SuN
7 THICK LEN. ,;
e
— = -
= -l
T v v L L v oc
L METER STicK -’;Zi :1 LENGTH
R
foc' al WHITE PAPE.

OBSERVATIONS : k'fi“/
A. The average diatance of the mirror from the paper in millimeters
B. The average distance of the lens from the paper in millimeters

If more th~n one lens or mirror is used, record averages for
each.



V. CONCLUSION:

A, The point where the bright spot of light is formed is called
the focal point: This is tha point where the rays of light
reflected by a mirror or refracted by a mirror converge. (meet)

B. Focal Length of a mirror or lens is the distance from the center
of the lens or mirror to the point where the refle:ted or re-
fracted rays meet. This 18 always given in millimeters, and can
be determined very accurately. 1In our situation above, the
average we arrived at would be very close,

The thicker the lens, the shorter the focal length.




LIGHT

I. 0OBJECTIVE: To demonstrate and explain: transparent, translucent, and

opaque,

T1. MATERIALS:

A.
B.
c.

Window glass

Frosted glass

Wax paper

Sheet of notebook paper

Sheet of black construction paper
Clear plastic

III. PROCEDURE:

Hold each of the above materials toward the window or light source,
one at a time,

Through which materials can you see objects clearly?
Through which materials can you see light, yet not see
objects clearly?

Through which objects can you not see objects or light?

TRANSPARENT TRANGSLUCENT OPAQUE
OBIECTS CAM OBJECTSN ARE Does NOV TRANSMIT
~N NOT SEE
2&?5& CLEARLY — LIGHT
LIGHT 1S TRANS~ OBJECTS BEHIND 1T
MITTED CANNOT BE SEFEN

BLACK

WINDOW GLASS CONSTRUCTION PAPER

« 2 TR
REIL

IV. OBSERVATIONS:

A,

B.

Objects could be seen clearly through the window glass and clear
plastic.

Light, but not objects, could be seen through the frosted glass, wax
paper, and notebook paper, The notebook paper did not allow as much
light to pass through as the frosted glass and the wax paper.



C. The black construction did not allow any light to pass through
and you could not see objects through it.

CONCLUSION:

A. TRANSPARENT: transmitting light rays so that objects on the other
side can be clearly seen---capable of being seen
through,

The window glass and the clear plastic was transparent.

B. TRANSLUCENT: transmitting but diffusing light so that objects on
the other side cannot be seen clearly.

1. The frosted glass, wax paper and notebook paper are translucent.

2, Since these materials did not all transmitt light at the same
rate, we can safely say there are different rates or degrees of
translucence.

C. OPAQUE: does not permit the transmission of light.

Since the black construction did not pernit the passage of any
light, it is opaque.



LIGHT

I. OBJECTIVE: Two ways to demonstrate refraction

I1. MATERIALS:

A'
B'
c'
D'
B'

Pencil

Two coins

One beaker or clear drinking glass

Tw> small crucibles or other shallow dishes
Water

II1. PROCEDURE:

A,

E,

F.

\

Place a coin in the bottom of each crucible,

Have a student back off juat far enough #o that both coins are
hidden by the rim,

Now add water to ona crucible until almost full.
Have student explain what he now sees.
Fill the beaker with water and place pencil as illustrated.

Observe pencil at various angles at various distances.

499
CoiN 11"5!‘( COIN .cf"’

u'r,,,

/' PaNCiL, o

IV. OBSERVATION:

A,

The coin in the one crucible came into view as the water was added;
tho other coin still c-~uld not be seen.

Depending upon the angle from which view, the pencil appeared to be
"gplit" or "bent",



V.

CONCLUSION:

A,

The light reflected from the coin I8 bent (refracted) as it passes
through the water.

The pencil appears to 'bend" or “split" due to the refraction of the
light as the light passes through the water.

The "bending'" of the light rays is called refraction.

Light rays are refracted when they pass through a medium of one
density and to a medium of another density.



I.

IL.

111,

LIGHT

OBJECTIVE: To demonstrate that the angle at which light rays enter a

substance affects the refraction.

MATERIALS:

AI

Silide projector

B. Aluminum foil

C. Small aquarium

D. HWater

E. <cChaulk dust

F. Fosin dye or a few drops of milk

PROCEDURI::

A. Cut a narrow slit in the aluminum foil and fasten the foil over
the projector lens so that the slit is horizontal.

8, TFill the aquarium about half-full of water and dissolve a small
amount of eosin dye in the water. (A ferr drops of milk will do.)

C. Darken the room.

f. Shine the beam of light through the aquarium so that it enters
beluw the water level. Make certain that the aquarium is level.

E. Strike some blackboard erasers together on each side of the aquarium
so that the beam of light can be seen through the chalk dust.

F. Tip the aquarium away from the projector, making certain that the

G.

heam of lisiht enters pelow tle water level.

Tip the aquarium towards the projector.

A quARIUM
PROJECTOR sb:r 9

!
ALuMINUA  WATER )( s
fou_




IV. OBSERVATION:

A. The beam of light passed straight through the water with no re-
fraction when the aquarium was level.

B, The beam of light was refracted upwards when the aquarium was
tilted away from the projector.

C. The beam of light was refracted downward when the aquarium was
tilted toward the projector.

D. The greater the angle the aquarium was tipped, the greater the
angle of refraction.

V. CONCLUSIONS:
The angle and direction that light rays are refracted by water 1is

dependent upon the angle and direction at which the rays enter the
water,




LIGHT

OBJECTIVE: To demonstrate and explain an optical illusion.

MATERIALS:

A. Sheet of clear glass

B. Peaker, flask or clear water glass

C. Pencil

PROCEDURY :

A. Support the clear glass in a vertical position as illustrated.

B. Place the penc{l on the table top about ten {nches behind the glass.

C. Place the beaker in front of the clear glass so that the inage of
the tumbler is over the pencil.

RS .. IMAGE OF
I BEAKER
L //PENCIL IS THE BRIM
OF THE HAT
7], SHEET OF WIDER THAN
GLASS THE HAT 1S
-//,‘:/// TALI-?
2 BEAKER

NDBSERVATIONS:
A. The penci) eppears to penetrate and go through the heaker.

. The heaker is the sanme distance in front of the nirror as the inane
appe.ars behind the mirror.

C. As the light reaching the beaker was blocked .ff, the inage of the
beak:r disappeared,

CONCLUSION::
A. An optical {llusion is an unteal, deceptive or ~isleading inage to

vhich the eye responds----—a false response to optical stimuli. The
objects are real but they do not exist as they appear to the eie.

It ¢sn be caused by reflected or refracted light, bv a series
of lines or desfgns, etc.,



B,

C.

A mirage 18 an optical illusion caused by the reflection of light through
layers of air, of different temperatures and densities, causing distant
objects to appear very near and often upside down--=---- The object from

which the mirage originates is real, it just appears to be closer than it
actually is,

EXAMPLES :

1. Moving pictures (Examine a strip of movie film. It is a sequence of
differing still pictures.)

2. Magical tricks (Slight of hand by the magician)



LIGHT

I. OBJECTIVE: To demonstrate that the color of an object is determined
by the colors of the light it reflects and absorbs.
II. HATERIALS:
A. Wooden or cardboard box
B. Light socket
C. Various colored bulbs
D. Various colored objects
III. PROCEDURES:
A. Assemble apparatus as shown, colored objects through the peep hole.
B. View 2ach colored object under each different colcr light.
C. Observe and record, (BLoﬁgp
PeEP HolE  L/6HT SHIELD O’/ECcT
] Z ////
o) (ST 76
8.k 0 38 | R e R
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2N e X - (OLORED. _. E N
4 A ) BULB ) — - QK
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LY . -y . - ,
WHITE ok BLACK Tnreeior
ALvrsinem
1V. OBSERVATIONS:
Crlor of Color of Color Seen
4~-s- L4 ibt Bulb ~Object ... 1 ... By the tye.. ..
i I vhite adma ..green . {.......Breen .
‘.-‘:)lu‘ —‘-“_.4““ e ted‘-‘ - B .u“b‘lec‘!..‘. -
JL“‘.;“—E.;—d- l'..n“‘.‘“‘—w - boas “El!ﬁ. Er R
yellow vhite = | . __Yyellov
green black black




V.

CONCLUSIO .

A

B,

c.

E.

The colors we see depend upon the colors that are reflected,
absorbed, or both,

Objects that appear vhite have reflected all the colors of the
spectt\m-

Objects that appear black have absorbed all the colors of the
spectrunm,

Objects that appear to be one of the colors of the spectrun
have reflacted that color only and absorbed all the other colors.

Objects that appear to be a color other than one of the colors of
the spectrum, have reflected tuvo or more colors and absorled the
others.
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11,
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LIGHT

OBJECTIVE: To show how the camera is like the eys
MATERIALS

A. Large diagrsk showing the parts of the sys and comparable parts
in the canera

B. D:ssectible model of the eye, if possible

. C. An 0ld inoperative comera vith the parts that are shosn in the

draviag
A

SHUTTER. ©  BYELID ~ ,

DYPHRAGM @ TRIS
tens @) Lews

CAMERA @ EYEBALL

"

-

/ CASE
Fum @& Rerwa .

@ OPENNIG & CLOSING DFVICE
@ LIGHT CoNnTRO . @ L6HT TIGHT Box
B Focusivg MEDIA . @) L1GAT SENSITIVE SURFACE

ADDITIOMAL INPORMATION!:

A, Your bdrain tells you fsstantly vhat your eye is seeing----the
viever finder tells you vhat the cemera ie seeing.

B, Or many crmores, & bdellove repiaces the 1ight-tight box allew-
f1g Jus reater compactnees.

C. Tte film 1is eosated on one eilde “ith a 1light-sensitive sudetance
kzowa a0 an emulefon. The Loy ingredieat of the emuleica 10 o
cimpound ia erystalline form called silver dromide.

D. Ren you flash an image on thies emuision dy sllowing the abutter
t¢ opsn ead close, & chemical change takes place, but 1t £ not
orticeadle to the sye watil furtusr chemical changes take plece
by placing the fila 1ia & solutica knowa as the develeper. (mes
the {mage becomas visible, the film 1is placed ia asother solution
knowa 88 the fizer vhich prevents the picture from fading out-—-
1t nakes the pletsrs permaneat,



E.

F.

The developed and fixed film is a negative ---- it shows the light
and dark areas in the reverse of what they are on the finished print.

You get the finished print or picture by placing the negative in con-
tact with a sensitized photographic paper and exposing to light for
a given period of time, after which the paper goes through solutions
of developer and fixer, similar to the process used in developing

the films. You then have a positive, a print or a picture.

In the case of color photography, the process is more complicated, the
film having emulsions that are sensitive to the various colors. The
processing is also more involved and includes many solutions and second
exposure to light of the fiim.
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111,

Iv.

V.

LIGHT

OBJECTIVL: To demonstrate that light rays travel in a straight
1ine, To demonstrate how a pinhole camera works.

- —

A, FEmpty oatmeal box
B. Wax-paper

C. Rubber band

D. Lighted candle

PROCEDURES :

A. Pcke a pinhole through the center of the bottom of the oatmeal
bex.

B. lake a screen of wax-paper and fasten over the ocpen end with the
rubber tand.

C. Aim the pinhole end of the cereal box at the lighted candle and
observe the wax-paper gcreen.

PINHOLE

WAX-PAPER
SCREEN

REAL
IMAGE
OBJECT PINHOLE CAMERA
OBSERVATICH:

Th2 frape of the candle avper.ed on the wax-paper screen in an
fnserted position.

CONCLU310Y:
A. Lizht ravs from the top of the candle have traveled {n a strafpht
Iine as shown and have hit the botton part of the screen,

B, wight rays from the bottom of the candle liave traveled i{n a
strafight line as shown and have hit the top part of the screen.

C. The apparatus we have constructed {s called a pinhole camera. In
order for this camera to operate, we would have to add a shutter
over the pinhole and neke arranpenents for the fi'lm at the end
wvhete the wax-paper screen 15 located.
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LIGHY

OBJECTIVii: To nake a apectroscope.

MATERIALS :

A. 1 small can 4'" high and 2 1/8" in diameter
B. Transparent diffraction grating 1" X 1"

C. Masling tape

D. Screwdriver

E. Hamner

F. Purnch

PROCEDURI: :

A. Cut tcth ends of can off as shown in fllustration,

B. Ila oce end of can cut small slit about 1 1/4" long and about 1/8"
wide., TPlace 11d on block of wood and use acrewdriver and hammer
out snall slit,

C. In other end of can usc punch and hasmer to punch a emall hole
abcut 1/4" in dlsaeter. This can vary in size.

D. Place diffractioa grating on inside of 11d with tha 1/4" hole
and tape on. Do not tape over small hole. Thz2n tape on can
cylinder.

E. Tape the other end with the slit ~ on the othrnr end of cylinder,
tote Illustration Below.

P. Observe through the end of thae ospectroscope witi the small 1/4"

hole. For best results aim tovsard the light.
TAPE
// CAN L10
/
L

BPECTROSCerR
(sciy END) . '/
LR ~ PR )
4 CARDDOARD MAY 8E DIFERACTION

BLEWORIVER
FURTHER A TIVITIES: SyssnruTid Foa ENOS GRATING

orPricAL
siir

A, HNave astudents drav the rainbow and ¢olor in {ts varfious colors.

b. For kindergarten and ffirst graders: Have them observe the spectcra
ard select the proper colora from assortment of colors,

C. For upper grades study the diffraction of light waves,
D. Oue casy way the student may remewber the order of colors of the

spectra s from the name of the 1{ttle dboy: ROY G BIV -~~~ R-Red
0-Orange Y-Yellow G-Creen B-Blue I-Indigo V-Violet



LIGHT

I. OBJECTIVE: To construct & periscope and ¢xplain how it works.

I1. MATERIALS:

A. Mailing tube about two {uches in diemater, two or more feet long.
B. Two plane (flat) mirrors, two inchesz by two snd one half inches.

III. PROCEDURE:
A. Cut 4h degree angle slots to accomodata the two mirrors as fllustrated.

B, Allow the mirrors to extand over the vutuide edges to hold them in
place.

C. Cut eya bole «ad 2ight hole a3 Indicated.

D, When periscopa ic ~ompletaly scseosblad, extend light hole put corner
and observe thrcugh the eye hola,

_(* “eR Bordt ENDS .
.} el )
7 MIRROR AT 45°

",__@ A MIRROR g ANSLE TO THE
L. LONSITL D!
. Holg — ’ ITCOINAL

A T,
| A=t FATH OF OfPOSITF ‘/ ,Q'\:I/;lfl”?'ftﬂi
* LIGNT RAY toree [ )

OPENING
y o MainG Tene e il
.' 4 4
MIRROR R
.* |~ S TP /
'
]

AMAIING

; ’ TVEE
- g

IV, OBSERVATI(NS:

Objects around the corner sould de seen without the observer going
arounc the corner himself.

V. CONCLUSION:
The light rays reflected fror aan odject enter the light hole, strike

the firet mirror, are reflected 90 degreed to the eecond mirror and
. snother 90 degrees to the eya.




ADDITIONAL ACTIVITIES:

A. A slightly smaller and short tube could be added to the light
and eye holes to eliminate some of the excess light.

B, If the top mirror is angled 45 degrees in the opposite direction
from the bottom mirror, the periscope then can be used to see
objects behind the viewer,
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LIGHT

OBJECTIVE: The incandescent lamp and how 1t works.
MATERIALS :
A. Large drawing showing the parts of the incandescent lamp.

B, Dissected incandescent lamp with parts mounted and labeled.

TUNGSTEN FILAMENT
SUPPORT WIRES
GLASS ARBOR
——— LE!D WIRES
._—— STEM PRESS

‘ ——— EXHAUST TUBE
iwb? 4——-—— SCREW BASE

&, SOLDER "BUTTON"

INERT GAS —
GLASS GLOBE

"
¢

e

THE INCANDESCENT LAMP:

A. Invented in 1879 by Thomas A. Edison,

B. le first used carbonized thread, then carbonized cellulose for the
filament.

C. Later, tungsten wire replaced the carbonized material, the tungsten
wire was coiled like a spring for even greater brightness.

D. Electric current has a heating effect as it passes through a con-
ductor. The better the conductor and the greater its size, the
less neat produced.

E. 1In the case of the incandescent lamp, the filament is high resistant
tungsten metal that reaches a white heat or "incandescence’ at 2800
degreet C.

P. At this temperature the metal would rapidly burn away if it were not
enclosed in globe from which the air way removed and replaced with an
inert gas such as argon or nitrogen.

G. The efficlency of an incandescent lamp is small because a large amount
of the electrical is changed to heat energy, rather than to light.

H. The glass globe was first frosted in 1924 to reduce the glare by dif-
fusing the light,



1V. HOW THE INCANDESCENT LAMP WORKS:

A. Like all electrical appliances, the light bulb must also have two
contacts or wires entering, one positive and one negative.

B. The positive contact is the solder "button'' on the very bottom of
the base, to which one lead wire is connected and completely in-
sulated from tha base.

C. The second lead wire 13 connected to the inside surface of the base
as indicated.

D. The lead wires carry the current up to and through the tungst :.
filanent.,

E. The tungsten filament, being a high resistant metal (a poor conduc-
tor) glows white hot and becomes incandescent.

F. Incandescent means glowing with intense heat and giving off light.
G. The arbor and support wires support the lead wires and the flilament.

H. The stem press contains the exhaust tube through which the air was
removed and the inert gas was added.

I. The screw base 1s a convenient method of replacing burned - it bulbs.

J. When a buldb 1s "burned out," it means the filament or one of the lead
wires has broken or burned off.




LIGHT

1. OBJECTIVE: To explain how the fluorescent light works.
I1. MATERIALS:
A, Large‘drawing showing tha parts of the fluorescent tube and laﬁp.

- B, A fluorescent light with all parts mouvnted so that they‘can be seen.

( HEA,TEQ

. 27
GlLow BIMETAL
LAMP STRIP
STARTLER
AC.
Plve

III. HOW THE FLUORESCENT LIGHT WORKS:

A. When the fluorescent lamp ie turned on, a glow lamp in the starter
causes the bimetal strip to make momentary contact.

B. This allows the cathodes (heater) to receive the full current and
become incandescent, (white hot). The cathodes are coiled tungsten
coated with an active salt,

C. The Argon or Kryptcn 2as in the air tight, low pressure tube be-
comes ionized and acts as a conducting medium.

D. The hzat causes the drop of mercury to vaporize, creating a path
of low resistance between the two main electrodes.

E. The electrons emitted by the hot filaménts strike the mercury atoms
creating high energy ultraviolet waves. ‘

F. These high energy ultraviolet waves strike the fluorescent coating
on the inside of the tube causing it to glow and give off light.
The color of the light is determined by the type of coating. {(cal-
cium tungatete, zinc sulphide or zinc silicate)

%\g G. Once the arc is established through the mercury vapor, which is
Q lower resistance, the starter becomes inactive and the lamp will
[ERJ!:‘ continue to function even though the starter is removed.
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The cathodes (heaters) continue to glow at white hear due to the
action of the mercury ions.

The bcllast (transformer) steps up the voltage to the proper
operating level of the fluorescent lamp.

ADDITIONAL INFORMATION:

A,

B.

D,

E.

The fluorescent lamp was introduced in 1938,

The fluorescent lamp produces from two to four times as much light
per watt as the ordinary incandescent lamp used in homes and busi-
nesses. This means it costs two to four times more for electricity
for the same amount of light from an incandescent bulb as from a
fluorescent lamp.

Fluorescent lamps give off less heat than incandescent lamps.
Shadows can be overcome with the loug tube arrangement,

The general purposc incandescent lamp used in homes gives 16 to 18
lumens per watt.

1. A fluorescent lamp gives 60 lumens per watt.

2, A lumen is the amount of light on a surface ona foot square
and one foot froa a standard candle.
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MAGNETISM

explain the theory of wnagnetism,

explain the types of magnets and their care.

chow the attracting and repelling action of magnets.
show the lines of force in the magnetic field,

show what materials are attracted by magnets.

make a nagnetizer.

make an electro-magnet and explain how it works.
make a compass from a bar magnet.,

make a floating needle compass.

shou the carth's magnetic field.



1.

MAGNETIS!

INTRODUCTION:

A, Magnet: Any pieco of metel, iron or steel, that has the property

of aftracting other iron or steel objects.

B,  Natural magnnt: A type of iron ore found in nature with properties

of a magnet.,
1. tfagnetito: (Fe304) an important irom ore -- a magnetic
iron ' oxide
2, Loadstone: (Fay0,) (lodestone) --- a highly magnetic
variety of magnetite,

C. Pormancnt Magnet: A piece of iron or steel or iron alloy in which

magnatic properties have been artificially incuced.

D.  Magnetic: Having thoe properties of a magnet, capable of being

magnetized, or capable of being attracted by a magnet.

E. Magnetize: To make into & magnet.

F. Magnetic field: That space around a magnet occupied by the magnetic
lines of force ---- the space around the magnet in
which the magnetic force is exerted.

G. Lines of Force: Lines in a magnetic field showing the direction o:
the force at any point.

H. Poles of a Magnet: The ends of a magnet ~--~ when allowed to swing

freely, a bar magnet will point to the megnetice
north and magnetic south poles of the earth.
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MAGHRETLSM

o7t
HLIND WY —>

R NVORVLNZIYD

OBJECTIVLE: To explain the theory of magnetism,

MATERIALS J&mmw

g
'

»
£re. A DomaINS W IC.'Zé B'
E:s] / /\_ w3 @ 5]
I 3 Fa mEI
I» 5| N s|
F 9 (3]

\\m" S

Non MAGNETIZED MAGNETIZ ED

DOMAINS ARE CREATED BY THOWSANOS o ATOMS
HAVING ELEcTRONS Wi PARALLEL SPIN © ELELTROMW
SPIN CREATES A TINY MASNET

A, Display illustvratiorn A" explaining that {in theory it is believed
that each atom is a tiny magnet with a north and a south pole. In
illustration "A" the arrangement of atoms is random, thus not
magnetized,

B, Dip the non-magnetized needle or nail in the iron filings. The
filings should not he attracted to the needle or nail. Atoms are as
in an .

C. Now stroke, (in one direction only) the needle or nail with a strong
magnet. Explain that atoms nots: take an orderly or uniferm
arrangement as in "B, thus should become magnetized.

A. Large illustrations as A and B
B, Strong wagnet

C. Needle or nail

D. Tron filing

Vi

Ei

PROCEDURE:

D. Check needle or nail again for magnetic properties by dipping into the

iron filings.
OBSERVATZONS :
A. The non-i.agnetized needle did not attract any of the fil‘ngs.

B. When stroked in one direction with a strong magnet, the needle becomes
magnetized and attracts the filings.



V.

MAGNETISM

CONCLUSION:

A. The arrangement of the atoms in a pilece of mctal determines whether
or not it is a magnet.,

B, 1f the atoms are uniformly arranged, {(lined up) in a piece of iron,
the iron becomes a magnet. I1f they are not uniformly arranged, the
ivon 18 not a magnet.

C. Stroking a plece of iron with a magnet tends to cause the atoms to

line up or become uniformly arranged, thus creating a magnet of the
plece of fron.



MAGNETISM

1. OBJECTIVE: Types of magnets and their care.
II. MATERIALS:
A. Varlous typer of maginets --~ horseshoe, bar, 'U" shaped, etc.

I1I. PROCEDURE:

A. Display the various magnets as illustrated.
BLUE ‘l‘ED

¢— WKEEPER FOR ESYORAGE.

<R
J &

HORSE SHOE ; 0
o Ut SHAPED —_—

Roo

* RED ~ NORTH

@ BUIE ~ GouTH-
E < a DI18SK

CERAMIC
IV. DISCUSSION:

A. These are all permanent magnets, they are man-made,
B. They are called permanent because they hold their magnetism
for a long period of time.
C. They can loose their magnetism by:
(1) being dropped
(2) being hammered
(3) being errssed to intense heat
(4) being imoroperly stored

V.  CONCLUSION:

A. Permanent magnets are expensive and should be handled properly.
B, They should be stored with opposite poles together. (Bar magnets)

C. Horseshoe and "U" nagnets should have an iron or steel "keaper"
betwean the poles
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III.

MAGNETISM

OBJECTIVE: To show the attracting and repalling action of magnets
To show the lines of force in the magnetic field

MATERIALS :

A, 2 permanent bar magnaets with poles labeled
B. string

C. 1iron filings

D. wax paper

E. heat lamp

PROCEDURE:

A. Buspend one bar magnet from a non-magnetic support by the string
ag illustrated.

B. Move the north pole of the second magnet slowly towards south

. pole of suspended magnet and observe

C. Now slowly move north pole of second magnet towards north pole of
suspended magnet and observe

'D. Slowly move south pole of second magnet towards south pole of

suspended magnet and observe

E. Place magnets under wax puper as illusirated, -- eprinkle some
filings over poles of magnets, -- tap wax paper gently, -- now
turn heat lamp on so that wax will nelt, but -:being careful not
to burn paper. Allow the wax ‘ipaper to cool, then shake off excess
filings. You now have a record of the magnetic field and the lines
of force.

GlASS SuPPORT
WAX PAPER (IF nEE06D )
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MAGNETISM

OBSERVATIONS:

A,

Like pcles repelled each other --- unlike poles attracted =ach
other.,

B, 1bn filings line up in a definite pattern when the paper was
tapped. You could see the repelling and attracting action in the
lines of force as represented by the arrangement of the iron filings.
CONCLUSION:
A. In magnets, like poles repel, ---- unlike poles attract.
B. The iron filings lined up along the invisible lines of force, showing

the magnetic field and the arrengerent of tho lines of force under
the differenc conditions,
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MAGNETISM

OBJECTIVE: What materisls are attracted by magnet?

MATERTALS:

A. Strong magnet F, American nickel K, Cloth
B. Steel G. Canadian nickel L, Plastic
C. Iron H. Glass M., Lead

D, Coppexr Penny I. Wood N. Brass
E. Aluninum J. Paper 0, Ziuc

III. PROCEDURE:

1V,

V.

A, Attcmpt to attract the various materials with the nagnet.

B, List thoss which can be attracted under the heading 'magnetic' ond
those which cannot be attracted under the leading “non-magnetic”.

C. Try any other materiasls, metals or non-metale that you might have
handy.

OBSERVATIONS :

A, Only the iron, the steel, and the Canadian Nickel were attracted.

B. The other substances were not attracted by the magnet,

CONCLUSION:

A, Cnly materisls that contain a sufficient amount of iron, nickel, or
cobalt aro magnetic, --=---can be attracted by a magnet.

ot



MAGNETISM

I. OBJECTIVE: To make a magnetizer.

II. MATERIALS:
A, Insulated wire
8., Cardboard cylinder
G, 2 bolts with 4 nuts

D, 1/4 inch plywood --- 12 inches square
E. Plug
F. 7in foil

G. Screwdriver, bolt, or other steel
111, PROCEDURE:

A. Set up equipment as {llustrat

B. Coil several hundred turns o. : insulated wire around the cardboard
cylinder, leaving a length of wire on each end.

C. Connect to the bolts and plug as illustrated.

D. Faaten fuse of tin foil to bolts as {l)ustrated.

E. 1Insert screwdriver or other piece of steel in cylinder.

F. NOY, and onlvy now, insert plug into wal® sutlet.

G. After fuse has blown, remove plug from . tlet.

H, Remove screwdriver from ¢ylinder and tes. for magnetic properties.

, Coiw. ~ SEVERAL HUNDRED TURNS ofF
SCREWDRIVER INBULATED WIRE AROUD THE
‘[ CARDBOARD CYLINDER

A.C. PLUG

Z1® comp
BO\T WrTH 2, NUTS

12" SQUARE o K"
&vmoo 4

TINFOIL

PAPER cLIP
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MAGNETISM

OBSERVATIONS:

A. The fuse "blew" and tho screwdriver became magnetized.

CONCLUSION:

A. The sudden surge of A.C. (alternating current) electricity through
the coil affects the arrangements of the molecules or atoms in the
steel, causing tho scxewdriver to become magnetited.

B, It is not known definitely how this is caused ~---- goe theory of
nagnetien demonstration and drawings.
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MAGNETISM

OBJECTIVE: Making an electro-magnet and explaining how {t woiks.

- ——

[y

MATERIALS:

A. Bell wire

B, 2 dry cells or a D, C. power source

C. Bolt or spike

D. Paper clips

PROCEDURE :

A. Coil 10 turns of the wire around the nail or bolt and connect to one
dry cell as {llustrated, See how many paper clips you can pick up
with this arrangement.

B. Increase the number of turns to 20, 40, and 60, record the number of
clips picked up.

C. Repeat A and B, joining the two dry cells in series or by indreasing
volrage on D. C, power source.

D. Repeat A, B, and C, this time using a lurgar bolt or nail

BoLT OR
srixe.

TWO NO. 6

DRt CuLS
JVOINEG 1N SERIES
10 aivg 8

VOLTS

l

BELL WIRE

Al

,
4 &
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MAGNETISM

OBSERVATIONS:

A, As the number of windings were increased, the strength of the magnet
was increased,

B, As the voltage was increased, tho strength of the magnet was
increased.,

CONCLUSION:

A. Electro-magnets can be made stronger by increasing the nuaber of
windings around the core.

B. EBlectro-magnets can Le made atronger by incroasing the voltage.

C.  Rlectro-magnets can be made stronger by increasing the size of the
soft cora along with increasing the voltage and the number of turns.



MAGNETISM

I.  OBJECTIVE: To make a compass from a bar magnet.

I1. MATERIALS:

- - —

A, Bar magnet
B. String
C. Non-magnetic support

111. PROCEDURE:

A. Set up equipment as {1lustrated
B. Allow magnet to swing freely
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MAGNETESM

OBSERVATIONS:

A. When the bar agnot was suspended so that it could swing freely, it
camo to rest pointing to tho north and to the south =--~ the north
pole pointad to tho earth's north magnetic pole and the south pole
pointed to the earth's eouth magnetic pole.

CONCLUSJION:

A, A compass is actually a free swinging bar magnet.

B. The poles of a magnet are marked according to the direction they
point.

C. The north pole is actually a north "seeking' pole, ~~-- that is, it
is attracted to the magnetic north pole of the earth.
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HAGNETISM

OBJFECTIVE: Making a floating nezedle compass.

A, Needle

B, Peanut butter jar

C. Cork from soda pop bottle
D. Strong magnet

E. Water

F. Clue

G. Tape

PROCEDURE !

A. Magnetize needle by stroking in one direction with a magnet as shown
B. Glue magnetized needle to the cork from pop bottle cap

C. TFloat cork and needle ss fllustrate’

V., Lable jar N - E - S - W as {llustrated

3"t 85"
-
WG h‘," Ll']’ GuWE ¢
e ‘; WAKX of
& \ ~ Gum
Py 405 StRoNG

PERAMANENT
MAGNETY




MAGNETISM

IV, OBSERVATION:

A, The floating needle lined up in a north-south direction.

V. CONCLUSION:
A. NBEDLE BECAME MAGNETIZED WHEN STROXED WITH THE MAGNET.

B. The floating magnetirzed needle became a compass, lining up in a
north-south direction.
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MAGUETISM

OBJECTIVE:  The earth's magnetic field.

MATERIALS :

A.

Rubber ball, 4 to 6 inches in diameter

B. Bar magnet

C. Wooden tongue depressor

. 2 small paper flags (These can ba made using toothpicks for poles)

E. Compass

F. Masking tape

PROCELURE:

A. Tape the magnet to the tongus depressor as {llustrated,

B. 1Insert inside rubber ball, making certain that the south pole of the
magnet {s towards the north magnetic pole of the ball (earth)

DO NOT let the children know this at this time.

C. Place the flags over the geographic north and south poles,

D. Bring the compass near the noxth magnetic pole =-- which end of the
compass needle points to the north magnetic pele? which end points
towards the aouth magnetic pole!?

E. NOW allow students to sce magnet's position in the earth (ball).

/—\,, MAGNETIC NoRTH- POLE
GLocRAPHI. NoRTH PoLE
CARTHS Ax1S

bALL
BAR MAGNET

SL17 N BALL

TONGVE ODEPRESSOR

e
MAGNETIC Sovrw Poié

L/- GEOGRALHIC SWTH oL



MAGNETISM

IV. OBSBRVATIONS:

A, The north end of tho compass points to the magnetic north pole.

B.  Tha south end of the compase points to the magnetic south pole,

C.  The north end of tho compass ncedle points to the magnatic north
pole because it 1s a "nort!.-seeking needle"----

V.  CONCLUSION:

A. When man €£4irst made and used a compass, ho called the end that
polated north --- the north-sceking ncedle and gave it the labdel
"N" or north === thus the north seeking pole is actually a south
pole which is attracted to the carth's magnetic north pole.




CONTENT:

KLECTRICITY

INTRODUCTION

VOCABULARY

CONCEPTS

To construct an electric panel which will show:

Overloaded circuit)
Short circuit ] and the hazards they present

Safety devices
Parallel wiring of lights
Soeries wiring of lighte
What a switch does to a circuit
To show the main parts of an electric circuit,

To demongtrate and cexplain parallel and serles wiring of
lights,

To demonatraiu and explain a short circuit.

To show an overload on a circuit and how a safety davice
protects the circuit,

To explain how to cut away dry cell batteries and hov these
cut-a-way dbatteries can be utilized in the clagproon.

To explain how to cut away the various sites of dry cells.

To txplain the operation of a dry cell and show the various
parts., !

To show how to cut away a 6 or 12 volt storage battery.

To explain the operation of a storage battery (wet dattery)
and ghow the variouo parts.



ELECTRICITY
(Continued)

To show the differené; between a coll and a battery.
To show series joining of cells,
To show parallel joianing of ceolls.

To construct and study the characteristics of a simple wet
cell (voltiac cell).

To show how current uvlectricity is produced by induction.

To show tho main parts of a generator,

To show tho differenca dbetween an A.C. and D.C., generator.
To conatruct a simple A.C. generator.

To explafin and show effects of A.C. electricity.




I. INTRODUCTION:

ELECTRICITY

A. Current Electricity: i1s the movement of electrons through & conductor.

B. Two types of Current Electricity:

1, Alternating Current:

8.

b.

C.

d.

e,

f.

8.

h,

This 1s the type of electricity used almost excluzively
by industry, business, and for home use.

It can be transmitted over long distance via trans-
wmission line (wires) from the power plant to the con-
sumer.

This is so because alternating current electrocity can
be transformed --- the voltage can be increased or
decreased by means of transformers.

Alternate in electricity means to change or reverse
direction regularly and continually., (reverse the
direcction of the flow of clcctrons)

60 Cycle Alternating Currenc:

This 1is the standard alternating current in use today.
IT MEANS that the electrons are changing their direction
of flow 60 times evary second. Actually, an
incandescent bulb is flashing on and off 60 times each
sccond, but the human eye cannot detect this rapid
flashing --- it interprets it as a steady light.
Produced by means of induction:(I) induction in
electricity means the process by which an electrical
current is produced when a conductor is exposed to a
magnetic force, OR the process by which a magnetic
field is produced in or around an electrical conductor.
Generator of dyaamo: A machine for changing
mechanical energy into electrical energy by means of
induction,

Turbine: A power wheel with meny curved vanes and
driven by a pressure of steam, water or air. Used to
power generators and other mechanical devices.

Direct Current:

:

This type of electricity is used exclusively in motor
vehicles, ajrcraft, dierel-electric locomotives,
portable radios, etc., --~ It is sometimes used in remote
areas where electric power for a farm home, cabin, etc.
is produced by means of wind or water driven generator.
It cannot be transformed readily, therefore it cannot
be transmitted over a very long range. (distance)
Direct: in electricity means that the electrons flow in
one direction only --- they do not change direction as
in alternating current.

Produced by:

(1) Induction =--- see "f'" under alternating current.

{(2) Chemical means: (a) dry cells and dry batteries
(b) wet cells and storage storage batteries
(c) solar cells and batteries.
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ELECTRICITY

OBJECTIVB: To construct an electric panel which will show:

A, Overloaded circuit

B. Short circuit v } and the hazards they present
C., Safety devices

D. Parallel wiring of lights

E. Series wiring of lights

F. UWhat a switch does to a circuit

MATERIALS :

A. Plywood or masonite, 1/4 inch thick, 18" X 24" --- 2 X 4 - 3 ft, long
B. Knife switch

C. 8 terminals

D. 6 feet rumber 12, white insulated copper wire

E. 6 feet number 12, black insulated copper wire

F. 2 feet nichrome wir>

G. 8 porcelain receptacles

H. 4 alligator clips

I. One piece lunber; 3/4" thick X 3 1/2" X 30" long
J. 2 ampere fuses

K. 2 ampere circuit treaker

L. 6 - 100 watt bulbs

PROCEDURE:

A. .lssemble panel as per illustration on next page
b. Perform various demonstrations as outlined in the following pages



01 AMPERAGE ,/[ %
AvSE AND -~ KNIFE
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ELECTRICITY

OBJECTIVE: To show the main parts of an electric circuit

MATERIALS:

A. Electrical panel board and equipment

PROCEDURE:

A, Step by step, build the electric circuit as in Fig. 1

B, Explain each part of the circuit as it is assembled

C. When circuit is completed, close switch to see if current
reaches light in upper right corner.

D, Trace the path of the current

E. DO NOT use the un-insulated nichrome wire on this demonstration

F. Remove a black wire from any place in the circuit

G. Remove a white wire from any place in the circuit

ORSERVATIONS :

A, All electrical circuits should contain:
(1) Safety device --~ fuse or circuit breaker
(2) Switch =--- for opening and closing the circuit conveniently
(3) Appliance --- any device that uses an electrical current
(4) 2 insulatcd copper wires of sufficient size, insulation on

one is white and on the other is black

B. When either a black or white wire i1s removed from the circuit, the
flow of current stops

CONCLUSION:

A. The fuse or circuit breaker is a safety device that protects the
circuit in the event of a short circuit or an overload

B. The switch is a device for conveniently opening and clesing the
circuit -~-- it might be compared with a drawbridge

C. An electrical appliance is any device which uses electricity,
such as a light bulb, radio, TV, heater, mixer, drill, etc.

D. Two wires arc essential for a complete circuit,



ELECTRICITY

) OBJECTIVE: To demonstrate and explain parallel and series wiring of
lights,

II. MATERIALS:
Electric panel board and equipment.
I1I. PROCEDURE:

A. Set up pancl as in Tig. 1, but using regular #12 wire instead of the
thin nichrome wire. Use 15 amp or 25 amp fuse.

B. Attach light panel with extension and alligator clips, as in Fig. 2

C. Turn any of the six bulbs on or off. ~-- How does this affect the
brilliance of the other bulbs? Try all sorts of arrangements.

D. Now attach light panel as in Fig. 3; NOTE WIRING ARRANGEMENT,

E. Heve all bulbs turned on. Note the brilliance,

F. Remove any one bulb. What happens to the other bulbs?

IV,  OBSERVATIONS:

A, In parallel wiring, all bulbs burn with equal brilliance
In parallel wiring, if one bulb is removed or burned out, the
others continue to burn with the same brilliance., Our homes
are wired in this manner.

B. In series wiring, if one bulb 18 removed or burned out, all bulbs
g0 out,
In series wiring, the bulbs do aot burn as brightly as in parallel
wiring.
In series wiring, the filament of the bulb becomes part of the
circuit. Some Christmas lights are wired in this manner.

v. CONCLUSION:
A. Parallel wiring is the more practical wiring for homes, schools, etc.

B, Series wiring is sometimes used in Christmas lights
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ELECTRICITY

OBJECTIVE: To demonstrate and explain a short circuit,
MATERIALS:

Electric panel board and equipment

PROCEDURE:

A. Set up panel board as in Fig. 1l -~ use 25 amp fuse.

B. Place screw~type outlet in receptacle in upper-right corner.

€. Plug extension cord, with alligator clips on on2 end, in the outlet,
being careful not to touch both ends at the same time.

D, Holding wires where insulated, cause alligator ends to contact one
another by tapping together.

E. Observe thin wire and paper covering.

F. Repcat A through E, using a 2 ampere fuse, then a 2 amp circuit
bresker,

OBSERVATIONS:

A. There was a sparking when the bare alligator clips were touched,

B, The thin wire became overheated, causing the paper covering to
catch fire,

C. Ths fuse did not blow. (25 amp fuse)

D. The 2 ampere fuse "blew" and the 2 ampere circuit breaker popped to
the off position, thereby protecting the wires in the circuit. The
thin wire did not get hot and the paper did not catch fire.

CONCLUSION:

A. If there is no safety device, or if the safety device is ineffective,
(too large for the wire) a fire could result from » short circuit.

B. A fuse and a circuit breaker ara safety devices. Do not temper with
them. Always be certain you are using the proper size.

DISCUSSION:

Short circuit: The flow of electrons from their source and back to
the source without going through an appliance.

It might well be called an "electron short cut."
If the wires are not protected by the proper size
fuse or circuit breaker, they will overheat and
cause a fire,
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ELECTRICITY

OBJECTIVE: To show an overload op ¢ circuit and how a safety device

protects the circuit.

MATERIALS:

Electric panel board and equipment

PROCEDURE :

A. Set up panel as in Fig. 1 and Fig. 2.

B. Place 2 ampere fuse in position.

C. Place folded paper over nichrome wire to simulate insulation.

D. One bulb at a time should be turned on with an interval of
time lapsing before turning on the next bulb.

E, Observe paper covering thin wire,

¥, Observe fuse.

G. MNOTE: Explain that the thin wire ic used s0 that a smaller

overload can be created with less hazard to wiring
on panel board and to the wiring in the building occupied.

H. Repeat A through F, this time using 2 ampere circuit breaker.

I. Repeat A through F, this time using a 25 amp fuse or circuit
breaker.,

OBSERVATIONS:

A. The 2 ampere fuse "blew' shortly after the third bulb was turned on.

B. The thin wire or paper covering was not affected.

C. The circuit breaker "popped” to the off position shortly after the
third bulb was turned on.

D. Again, neither the thin wire or the folded paper were affezted.

E. The 25 ampere fuse did not "blow" --- allowing the thin wire to get
very hot causing the folded paper to catch fire.

CONCLUSION:

A. The safety device, fuse, or circuit breaker, must bte of the proper
size in order to protect the circuit from an overload.

B. A fuse or circuilt breaker that is too large for the size wire in the
circuit 1s a hazard, rather than a safety device.

C. A fuse does not "blow', - it melts, thus causing an incomplete
circuit,

D. A circuit breaker has a bi-metal strip which bends as it heats,

thereby breaking contact before the wire gets too hot.



VI.

ELECTRICITY

E, Practically all wires in our homes are in the walls, ceilings, and
floors, thus if a fire should start as it did when the fuse was too
large for the circuit, it may smolder undetected for hours and then
burst into flames during the night while we are sleeping,

¥, NEVER place a penny behind a blown fuse,
NEVER place to large a fuse or circuit breaker in a circuit.

DISCUSSION:

Overload: forcing more electrons through a conductor than the
conductor is capable of carrying safely. This causcs
the conductor (wire) to become overheated.
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ELECTRICITY

OBJECTIVE: To explain how to cut away dry cell batteries and how these

cut-a-way batteries can be ukilized in the classroom.

MATERIALS :

A,

Varinus sizes and types of dry cell batteries

B. Can opener---various types

C. Screw drivers --- varjous sizes

D, Pliers

E. Sharp knife

F. Rubber bands

PROCEDURE:

A, In all metal case lantern~type battery, use wheel cutter type of can
opener to remove top, just as if a can were being opened. After you
have cut completely arounds the top, pry gently and lift the 1id,
being careful not to break any of the connectiug wires,

B. If battery is a metal case type with a cardboard or composition top
and bottom, use a thin gcrewdriver to pry open the metal case at the
sean. Gently spread and remove metal jacket and, using pliers, pinch
folded edge of case together so that it will not present a hazardous
sharp edge, The cardboard top, bottom or both can now be removed
or folded back. Likewise, the paper inner liner can be folded back to
expose the cells.

C. For the popular 9 volt transistor battery, follow instructions in “B"

D, If the battery jacket is paper or cardboard completely, a sharp
knife 1s all that is necessary to open it completely. Simply cut
along three edges so that the battery can be opened like a door to
expose the cells,

E. Use rubber bands to hold batterifes and cases together,



ELECTRICITY

9 Vour TRANSITOR.
RADIO BATTERY
SERIES JoINING

EACH ROW OF
4 CELLS, 11 Voirs
EACH, EONNECTED N
SERIES 1S CONNECTED
70 IHE OTHER RoW N

PARALLEL ... SERIES To YIELD © VOLTS AND
IV. OBSERVATIONS: PARALLEL To INCREASE THE CURRENT ---

A. Bach dry cell produces 1 1/2 volts of electricity, therefore a 6 wvolt
battery would be expected to contain four cells, ~-- a 9 volt battery
6 cells, --- a 45 volt battery would contaln 30 cells, etc., all of
wihich would be joined in series. HOWEVER, some batteries contain
twice the number of cells you might expect. Fach palr of cells is
joined in parallel to form a batterv, then each of these 1 1/2 volt
batteries are joined in series to form a battery of higher voltage.

V.  CONCLUSION:

A. These cut-a-way batteries can be used in the classroom from year to year.
B. Students arec a guou source of worn out batteries to be cut away.
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ELECTRICITY

o

BJECTIVE: To explain how to cut away the various sizes of dry cells,

|

MATERTALS :

A. Various sizes of dry cells to be cut away
B. Hack saw
C. Patience

- ——

A. Fasten selected dry cell securely in a vice or clamp, or have another
person hold securely,

B. Cut from top downward, slightly off center, ac indicated by dotted
line.

C. Cut inwa.d from the side until meeting other cut, then remove loose

section.
D. Peel back a portion of the paper or metal jacket so that zinc can
is exposed.
CUT DOWN
+)
PosITIVE TERMINAL (ELECTRODE)

AlR SPACE
SPACER.

CARBON RodD

ELECTROLYTE
‘ () NHL,C!)
s v’ ZiNc Can -

;

e een® o——-
- - ——— — - —_— .~

\

-
haE S Teh e

N~

PAPER oOR
METAL JACKET




ELECTRICITY
IV. OBSERVATIONS:

A. Cell cuts quite easiiy with a good hack saw.
B, Cutting away the above part exposes the internal parts of a dry cell.
C. All dry cells, regardless of physical size, are constructed the same.

D. The black substance (electrolyte) is messy.
V. CONCLUSION:
A. These cut-a-way cells can be utilized in the teaching of electricity

and how 1t 1g producecd by chemical action.

B, The size of a dry cell determines how long an electric current carn be
produced, not the voltage produced.

C. Each dry cell, regardless of its physical size, produces 1 1/2 volts.

D. If you can get your husband or wife, or anyone else to cut away the
cell, you will save yourself a real mess. Lots of luck!
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ELECTRICITY

OBJLCTIVE: To explain the operation of a dry cell and show the various
parts.

HATERIAL:

A. Various sizes and types of cut-a-way dry cells,
B. Various sizes and types of working dry cells.

PROCEDURE :
A. Display the various cut-a-way cells

B. Point out the .arious parts as in illustration below
C. Check voltage on the various sized cells., Record this reading

— CAatHopE (~)
F~__ ____ ANope ()

: SeAl.
M~ AR Sepace

o :‘.:f. T WAx SeaL

8l CarBON ReD
. (PosiTIVE ELECTRODE)

R T I T e
. .

ELECTYTROLYTE
(NH‘PCA + Mno, + C+ N‘O)

Al — Zinc CaN

[4 #/

A4 1101 PATRTV AL SR AL AL
. o= .. -

(NEGATIVE BLECTRODE)

e PAPER JACKET

OBSERVATIONS:

A. All dry cells displayed are constructed in the same mamner
B. The electrolyte consists of 8 noist paste
C. Each cell, regardless of site, produces 1-1/2 volts when rew

CONCLUSION:

A. A flashlight "battery is actually a cell,

R. The site of a cell deternines {ts hours of use, not voltape.

C. A dry c2)l {s actually not dry, the electrolyte is a moist paste.
D. A dry cell produces electricity by chemicel neans.

E. The current flows from the cathode (=) to the anode(+)
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ELECTRICITY

OBJECTIVE: To show how to cut away a & or 12 volt storage battery
HATERIALS :

A. 6 or 12 volt battery to be cut away
B, Hack saw

C. Cold chisel

D. Serew driver

E. Hammer

PROCEDURE :

A, Wear old cloches
B. IMPORTANT: thoroughly flush all cells several times with a supply of
running water to remove all traces of sulfuric acid (Hy804)

C. Cut along dotted line with hack saw and chisel, whichever works best.
This must be done carefully £o as not to damage plates or crack the
entire .ase,

D. After you are certain that you have cut through the hard rubber case
vhere indicated by the dotted line, remove this portion by prying
carefully with chisel and screw driver

E. Once this section lias been removed, again thoroughly flush all cells
sevaeral times with running <water

P. Clean the entire battery of any acid, grease or oil residues.

FlLLER MHoLE TERMINAL.
CELL CoNN CELL
SEA g “r -~ ___DIVIDER

sl



ELECTRICITY

IV. OBSERVATIONS:

A, This 1is recally a mess. By all means, trv to get your wife, husband
or a frierd to do this for you.

B. Cutting away the above part exposes the internal parta of one of the
cells,

C. Wet cells are conatructed by the same --- the material in the plates
and the number of plates per cell, however, may vary.
V. CONCLUSION:
A. A storage battery does not store electricity, --- it stores the
chemicals and other substances necessary to produce electricity bdby
chemical action.

B, Thie cut-a-way battery can ba utilized to holp explain the production
of olectricity by chemical maans.

C. Direct current (D.C.) electricity is produced by chemical means.
D. A battery 18 two or more cells joined together.

B. A wet cell producea 2.2 volts when fully charged.




ELECTRICITY

1. OBJECIIVE: To explain the operation of a storage battery (wet battery)
and show the various parts:

II. MATERIALS:
A. Cut-a-way storage battery, 6 or 12 volts
B. Working storage battery, 6 or 12 volts
C. Voltmeter

- - e

A. Display cut-a-way battery

B. Point out various parts and explain

C. Check voltage from working battery
(1) Total voltage
(2) From each cell

‘

FilL HOLES
CONNECTOR S
CAYHOOE (~) ( K,-ANODE +)
— -4 ASPHALT SEAL.
l".--' P 2 s

boambe =

poaeer S0 PLATESD +
SEPARATORS

HARD RuUuBBER

il .= CELL DIVIDER

TS PLATE SUPPORT oy,
y gt ,.‘;"f":'tl. © rol e, A 4

CeLis F1LED WiTH .
H, 60~ EtecTROLYTE

iV, OBSERVATIONS:

A. Voltage from each cell was 2 volts

B. Total voltege ~=«~ 3 cells = 6 volts
6 cells = 12 volts

V. CONCLUSION:
A, A battery is two or more cells jolned together.
B. A wet cell producesd about 2.2 volts when fully charged.
C. A wet dattery can dbe charged.
D. A storage battery does not store electricity, it stores the clienicals

necessaty to produce an electric cuttent.
E. Wet and dry cells and batteries produce D.C. {ditect current)




ELECTRICITY

I.  OBJICTIVE:

A. To show the difference between a cell and a battery
. To show series julning of cells
C. To show parallel joining of cells

I1. MATERIALS:

A. Voltmeter

B, Connectinz wires

C. 4 flashligt cells

D. Aluminum foil

E. Cut-a-wav batteries, (dry) series and parallel joined

ITl. PROCENURE:
A. Connect the four cells in parallel as in Fig, 1 below

B. Connect the four cells in serfes as in Fig., 2 below
C. Observe the various joinings of the cells in the cut-a-vav

batteries
PARALLEL
Frg. 1.
Boox £oR PRESSURE Yourmerer
FANISHING

AivAtivvm Fou /)
DRY CELLS
A‘ﬂl';y’ Corrrr wine

Rowr, Z4ve Cemp

SERIES RALK

ORILL HoLES Fer
SMus E1T WHEN
FIMENING NANL 18

INSERTED
Yoirmeree Woo0
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ELECTRICITY

OBSERVATIONS :

A, Voltmoter reading when cells connected in parallel

B. VYoltmoter reading when cells conneccted in sories

CONCLUSION:

A. Parallel joining of caells does not increasc the voltage, it incrcases
the length of time the voltage could be used.

B. Series joining of cells increases the voltege by the number of cells
joined in this manner.

C. A battery is two or moro cells joinoed togethor,



ELECTRICITY

I. OBJECTIVE: To construct and study the characteristics of a simple
wet cell (voltaic cell).

I1. MATERIALS:

A. Large beaker or small battery jar

B, Zinc metal ---- round and flat pleces

C. Carbon, round and flat

D. Brass, lead, alusinum, tin, nickel, copper
E. Millizmmeter

F. Galvanonmeter

G. Connecting wires

H. Sulfuric acid, concentrated

I. Holder for metal strips

I11. PROCEDURE:

A. Set up equipment as {llustrated below

B. Sulfuric acid should have a specific gravity of 1.3

C. Check current produced with various metals as electrodes

D. Vary the size of the electrodes and check current produced

E. Vary the distance of tha electrodes are from onea another -- check

current
Wooo ELECTRODE CorfER
\
Sy
Eiecer,
RODE OETA/L CoPPER WIRE

GALVANOMETER

ELECTRODES

HySO, onurep From A seeciric

GRAVITY OF .98 TO 1.30.
CAUTION: AODD AtiD To WATER
FOR INITIAL ODiLvtion.
TEST WITH HYDROMEIER ~




ELECTRICITY

IV, OBSERVATIONS:

A, Readings with various metals for electrodes

(1) (6)
(2) (7
(3) (8)
(4) (9)
(5) (10)

B, How did the size of tha electrodes affect current produced?

C. How did the distance the electrodes were from one another affect
the :urrent produced?

V. CONCLUSION:

A. Type netal or metals best for electrodes?
B. Si2e of electrodes best for producing current?
C. Best spacing of electrodes?




ELECTRICITY

I. OBJECTIVE: To show how current electricity is produced by induction.

I1,  MATERIALS:
A. Demonstration galvanoneter

B. Strong bar magnets
C. Coil of fine, insulatad copper wire

1II. PROCEDURE:

A. Set up apparatus as shown telow. Record all observations.

STRONG BAR MAGNET

GALYANOMETER

B. Move magnet back and forth through the coil and observe needle
on galvanometer. :

C. Keeping N and S poles together, add another magnet and repeat
"B“|

D. Add more turns to the coil of wire and repeat 'B3",

E. Repeat "B" but move magnet more rapidly.

1V:  OBSERVATIONS:

A. (1) 1n what directicn did the needle on the galvanoneter move!
("‘I IBH)
(2) what was the reading in "3"?
(3) was alternating or direct current electricity prodiced?

B. What was the reading in "C'"?
Compare this reading with "B"

C. What wvas the reading ia "D"? Compare with "p"




ELECTRICITY

D. What is the reading in "E" ? Compare with "B".
E. Are there any other observations?
v, CONCLUSION!

A, When the lincs of magnetic force are droken by a conductor,
thae electrons in the conductor are caused to fiow due to
induction.

B. As ona pole of the magnat passcd through the coil of wirae,
the needle moved in one direction, =--- then it moved in the
other direction as the opposite pole passed through the coil.
Alternating current electricity was produced.

C. The stronger the magnotic ficld, tha greater the current pro=-
duced.

D. The greater the nunber of turns on the coil of wire, the greater
the current produced,

BE. Ae the spced with which the lines of unagnetic force are broken
is increascd, so is the current increased.

VI.  DISCUSSION:

Galvanometer: An instrumen: for detertining the intensity and direciion
of an electrical current.
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ELECTRICITY

OBJECTIVE:

A. To show the main parts of a generator
B. To show the difference between an A,C., and D.C. generator

MATERIALS:

A. Denonstration galvanonecter
R, St. Louis Motor - generator
€. Lecad wires

PROCEDURE !

A, Connect gulvanometer to generatcr with thoe solid ring commutator in
place.

B, Spin the armature and observe galvanomater., Rocord results,

C. Repeat A & B using split ring cocmutator. Record results.

D, Locate the following parts on the generator; cxplain their function:
(1) Armature
(2) Field magnets

{3) Commutator
(4) Brushes

(See 1llustrations on the following page)
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OBSERVATIONS :

A. Solid ring commutator causes A.C. electricity to be produced
3. Split ring commutator causes D.C. electricity to be produced

CONCLUSION:

A, The only difference between an A.C. generator and a D.C.
generator is the commutator.

(1) A solid ring commutator produces A.C. current
(2) A split ring commutator produces D.C. current

DISCUSSION:

A. Armature: a coil of wire around a soft iron corc that revolves
in a magnetic field of an electric motor or generator.

B. Fields: consists of magnets, either permanent or electro, of a

motor or generator.

C. Commutator: the revolving ring that collects the current from the
armature.

D. ZPzushes: the carbon or other material used to collect and con-
duct the current from the commutator to an outside
source.



Ei ¢CTRICLTY

1. OBJECTIVL: To construct a simple A&, C.
1I.  MATERIALS:
A, Two bar magnets

B. Demonstration galvanometer
C. Coil of fine insulated wire
D. Cardboerd or wooden box
E. Masking tape or rubber bands
F. Wire ccat hanger
III. PROCEDURE:
A. Coustruct apparatus as shown below.

B.

2-BAR MAGNETS
“TAPED TOGETHER

‘GA"VANOMETER {NoATH TO NoATH)

\ L)
e A

30 TURNS OF INSULATED
COPPER WIRE

Tnrn crank and observe galvanometer.

generator.,

CARDBOARD BOX

CoaT
HANGER

s .
/"-, BEND THIS PomrTien
i; AFT6R MAGNETS HAVE

il , SSENATTACHED AnD
k l:l'rc: THAT ASSEMBLY

srs HAS BCSN INSER:
BN THE CARPEOAR
®ox .



ELECTRICITY

IV. OBSERVATIONS:

As the crank of the generator is turned, the needle of the
galvanometer swings first to the right, then to the left.

V. CONCLUSION:

A. As the poles of the magnet move to tho opposite side, the
needle of the galvanometer swings in the opposite direction.

B. Since the current is changing direction, this is A, C. or
alternating current.

C. In most gencrators, the magnetic {ield remains stationary
while the coil of wire (armaturc) revolves within this field.

D. A direct current (D. C.) generator works in the same manner.
The only difference is that the commutator is of the split
ring type.




ELECTRICITY

1. OBJECTIVE: To explain and show effects of A,C. electricity.
I1. MATERIALS:

A. Hand operated generstor --~- 90 to 100 volt capacity
B, Neon or argon glow bulb =--- 2 watt

I11. PROCEDURE:

A. Place nason duldb in the socket, close switch, turn generator slowly
and observe the bulb.

B. Now turn crauk faster and observe the bulb,

C. Turn as fast av poseible end observe the buld,

D. Continue cranking and have someone open the switch

(GeNERATOR

SWITCH

_{’ ,

NEON or \
ARGON GLOW
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OBSERVATIONS :

Bulb flashed on and off as generator was turned slowly

B. Bulb flashed on and off more rapidly as crank was turned faster

C. Flashing of the light bulb could not be detectaed when crank
was turned rapidly

D. When switch was open, less effort was required to turn the crank

CONCLUSION:

A. Cycles per second are determined by the speed of rotation of the
armature of a generator. The standard is 60 cycle alternating
current.,

B. This means that the current (electrons) are changing their
direction 60 times every second.

C. The human eye cannot detect a cycling (flashing) of more than
60 times per second. This is why an incandescent bulb appears
to glow steadily. Actually it is flashing on and off 60 times
per second.

D. As the speed of rotation is increased, the lines of maghetic force

are broken more rapidly resulting in a more rapid flashing of the
bulb,
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GEOLOGY

ON

INTRODUCTI

VOCABULARY

CONCEPT

To explain specific gravity and to demonstrate how it can
be determined.

To show how the approximate hardness of a mineral can be
deternined by use of common items,

To explain vhat a mineral streak is and to show it can be
determined.

To show how to construct paper models of the six common
mineral crystal forms.

To show how wind affects sand: How sand dunes are formed,
To show how wind causes waves.

To show how density or turbidity currents are formed.

To show how lime 1s formed from limestone.

To demonstrate and explain permesbility.

To show the simple acid test for limestone and dolomite.

To show how caves and sinkholes are formed in limestone
layers.

To demonstrate how rock formations are warped without
breaking.

To construct a model seismograph.



GEOLOGY

Introduction

A. Geology, in a large part, is devoted to a study of the lithos~
phere, its rocke, history, modifications, movenments, structures,
and wealth of resources. Atmosphere and water, acting upon the
earth's crust, have played a ceaseless role in its scveral trans-
formaticns, and these factors should be considered while study-
ing the branch of science known as geology.

B. Fields of Geology
Several geology-related fields of endeavor provide opportunitiecs
for those seeking professions which are oriented toward science.
The following list of geologists, with descriptions of their work,
is an example:

1. Petroleum gcrologist: seek deposits of petroleum and natural
gas, which are our principal mineral
fuels and our most valuable nineral
product.

2, Mining geologist: search for deposits of minerals and rocks
which arc of economic value to man.

3. Grcund-water geologist: help in locating supplies of under-
ground water for domastic and industrial
usges.,

4. MYincralogist: identify minerals and study their phy-
sical and chemical properties.

5. Petrologist: specialize in the study of the composi-
tion and origin of rocks.

6. Paleontologist: work with fossils, the remains or traces
of past life naturally preserved in rocks.

7. Stratigraphers: study the order in which the rocks were
formed, so as to guide the search for such
materials as petroleum and uranium.

8. Structural geologist: study the architecture, or arrangement, of
the rocks of the earth's crust, important
in oil fields and mining districts.

9. Engineering geologist: study the application of gecology to
engineering projects such as tunnels, dam
sites, water reservoirs, highways and
railroad construction, foundations and
congtruction materials.,

10. Geomorphologist: study the nature and origin of landscapes.




GEOLOGY

I, OBJECTIVE: To explain specific gravity and to demonstrate how it can
be determined.

II. MATERIALS:

A, Spring scale
B. Beaker
C. Water -~ Distilled water is preferable
D. Thread
E. Various specimens of the same minmeral and rock
1. Pure quartz (If available)
2. Pure calcite (If available)
3. Limestone
4., Sandstone
5. Quartzite

III. PROCEDURE:

A. Set up apparatus as illustrated in Fig. A,

B. Welgh each of the speclmens and record.

C. Now weigh and record the weight of each specimen as it is suspended in
water as in Fig. B.

D. Determine the specific gravity of each specimen by using the following

formula:
SP!.CIFIC GRrAVITY = WEIGHT oF SPECIMEN IN AR
WEIGHT IN AR MINUS THE WEIGHT IN WATER
Frg. A. ﬁgo B
SPRING I e werGHT 1s
ol ——— Losy ¥
SCALE
iy |~ Beaker

§ ‘,// MINERAL SPECIMEN

¥ nie WEGHT LOST 15
EXACTLY EQuAL 7o THE
WEISHT OF THAT MxvME WATE
OF WATER DISPLACED 74 R

BY THE IAINERAL SPECIMEX,

WATER,
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GEOLOGY

OBSERVATIONS :

Pure Quartz

Pure Calcite

Limestone

Sandstone

Quartzite

CONCLUSION:

A. If pure specimens, the following specific gravities should prevail:
l, Pure Quartz =---~cew-- 2,6 3. Limestone ~-—-====--- varies
2. Pure Calcite -===ev=e=- 2.7 4, Sandstone ---=-=-~=-- varies

5, Quartzite —---w=—uea varies
B. Only if a specimen is known to be pure will its specific gravity aid

in identificetion.



GEOLOGY

I. OBJECTIVE: To show how the approximate hardness of a mineral can be
determined by use of common items.

II. MATERIALS:

A. Fingernail ~=m--e~cceem--- 2.5
B. Copper penny ~-==s~w-m-e—-a 3.0
C. Window glasg —-~----ccwwe-- 5.5
D. Knife blade ~~----eeeccn-- 5.5
E, Steel file =~-ec-ccccmcan- 6.5
F. Magnifying glass
G. Several samples of different rocks and minerals
H. Hammer
I. Mohs Scale of Hardnesgs =---~«=~ Set of specimens
1. Talc 6. Orthoclase (Feldspar)
2. Gypsum 7. Quartz
3. Calcite 8. Topaz
4. Fluorite 9. Carborundum
5. Apatite 10. Diamond

III. PROCEDURE:

A. Using the hammer, make certain that you have a fresh break in each
of the specimens to be tested

B. Place all of the specimens that can be scratched with the fingernail
in one pile ---- these specimens are not as hard as 2.5,

C. Those that can be scratched with a penny are not as hard as 3.0 and
should be placed in another pile.

D. The same 18 true with a knife blade and steel file --~ place specimens
that can be scratched in their respective piles.

E. Any specimens that cannot be scratched with the steel file is between
6.5 and 10 in hardness.

F. If you have a set of specimens reprcsenting Mohs Scale of Hardness
you can determine the hardness of the above minerals very closely
by following the above procedures,

NOTE:
Be certain that the specimen has actually been scratched and not just
marked by the other specimen or object. Check this closely by using
a good magnifying glass. Have an old piece of window glass handy--
DO NOT try this on windows at school or at home.
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GLOLOGY

WINDOW GLASS
5.5

FINGERNAIL
2.5 : STeEEL FILE

6.5

CoPPER PENNY
3.0

OISERVATIONS :

A. Results will vary depending upr the tvpe of soccinens uvtiltzed.
CONCLUSTON:
A. This is a rough means in determining the har:dness, Lut serves as a

practical method in determining the Ilentity of unknown specimens.

MOTE: DO NOT attempt to test the hardness of a valuab.ie crvstal,
specinen from a collection or a gem-stone,

There are more precise ways of meascvring hardness in the industrial
laboratory.

Pardness i{s the resistance to heing scratched.

A handbook on rocks and minerals is invaluable in fdentifving minerals.
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GEOLOGY

OBJECTIVE: To explain vhat a mineral streak is and to show how it
can be deternmined.

MATERIALS :
A. Streak plate (The back eof a ceramic tile 1s excellent.)
Any unglazed porcelaine makes a good streak plate.

B. Various specimens of metallic and non-metallic minerals
C. Handbook on vocks and minerals.

PROCEDURE:

/{’\ STREAK PLATE OR.

< __,., : BACK oF CERAMIC
L~\::::::; TILE
SEECIMEN

A, Check the color of the streak (powdered mineral) of the various
specimens and vezord,

3. if the identity of the specimen is unknown, a hardness check and
reference to the rocks and mineral handbook will he of help.

C., lUsing the eraser of a pencil, make certain the streak plate is clean
whan vou are finished.

OBSERVATZIONS :

A. The streak of a mineral is not always the same color as its solid
forn,

CONCLUSION:
A, As a general rule, the streak of a metallic mineral is black or darker
than {ts lump form,

EXAMPLE:
"1, Iron -yrite crystals are brass-yellow -- their streak greenish-yellow
2. Hematite is red or black -- its streak always reddigh-brown

B. The streak of non-metallic minerals is usually cclorless to white, or
lighter in color than the lump speciuen

C. Streak alone is not sufficient in identigying a mineral, but when used
in confunction with hardness, crystal form, color, luster, etc., it can
be quite useful,
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V3JELTIVL:  To show how to ccnsfruct paper nodels of *he si. commen
mi{neral crveta. [orms.

MATERIALS:

A. 3ix sheets of construction or manilla paper, 8" X 10"
B. 8ix cut-out stencils of the basic crystal forms.

C. Glue or paste

D. Scissors or razor blade

PROCEDURE :

A, Trace and cut out each of the crystal forms. (If razor blade is used,
ugse a cardboard or soft wcod backing eo that table or desk .ill not
be marred.)

B. Fold on the solid lines.

C. Place a srall amount of glue or paste on tabs and fasten togcther in
proper order. Do the sides first, then each end.

~r '
Ic%%fr\:m\c. oR EBTRAGONAL. TRiCLINIC

OBSERVAT10N:

A. 1n one class period these aix basic crystal-form models can bc constructe
8. Various colors for the different forms would help the stujents to
associate the different forme with the differsat colors.

A, These models shrull atd the student in undetatanding the dasic crystal fo
8. Crystel form {s veey Inportant in afnerel fdentification.
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6.

Isometric or cubic, in which the three axes are at right angles as in
a cuba, and of equal length.

Totragonal, in which the three axes arc at right angles to 2ach other,
but only the two lateral axcs are equal.

Triclinic, in which there are three unequal axes and oblique inter-
sections.,

Hexagonal, in which the equilateral axes interscct at angles of 60°
and with a vortical axis of variable length at right angles to the

equilateral axes.

Orthorombic, in which there are three unequal axes at right angles to
cach other.

Monoclinic, in which there are three uncqual axes, with ono oblique
intersection.

(Rhombohaedral crystal form includes the mineral calcite)
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GEOLOGY

OLJICTIVE : 7o show how wind affects ~aad: low sand duncs are forired,

A. Supply of fine sand (one bucket fuil)

B. Supply of coarse sand (one bucket full)

C. Supply of gravel (c¢ne bucket full)

D. Llectric fan and extension cord

F. Long table with raised sides (Cardhoard can be tacked, stapled or
taped to form sides)
or, do this outside on srooth cencrate,

PROCLDURL: FAN = DIRECTED AT ONE PILL
/ AT A ThAR -..

CG-{\’: ¥
1“‘: ©
>
e ) GP,,’.\ £
b Al
" ot
ot ‘i}“ b

TR R L I 1 1 YN P Y 13:‘*'{' ‘r’-_ ,A‘g,"‘:“i-. » 3v0,

AN bae

A. Duap ccoh laclet of sand and gravel into separate piles on the table
or councrete,

B, Tlace the fan neav the plle of fine sand. Tutan it on and adjust so
that tiae wind strikes the sand pile.

C. Observe for five minutes and record the results.

D. Repeat with the coarse sand and gravel, record the results.

E. !ix the three piles and repeat tha experi-ent. Record the results,

F. lake certain that fan is placel sa-e distance froi cach pilc.

OBSERVAT103iS :

A, VWhat happens to the plle of fine sand?

B. that happens to the pille of coarse =and?

C. Wuat happens to the pile of gravel?

D. What happened to the nixture?
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GEOLOGY

CONCLUSION:

A, The wind carried the fine sand further than the coarse sand due to
the weight of ciach particle being lighter.

B, Sand is sorted into various piles or duncs by the wind, depending
upon the size of the sand particles. The lighter the particle,
the further the wind can carry it,

C. Gravel is not affected by the wind due to its weight. However, it

could help in the formation of sand dunes by acting as a barrier
for sand particles to start piling up against. Vegetation can act
in the same manner.
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GEOLOGY

ORJECTIVE:  To show how wind causes waves.
MATERIALS::
A. Shallew pan
3. Water N. Rock
C. FElectric fan
PROCEDURE :
SHALLOW PAN
84 FULL OF WATER
A. F1ill the shallow pan about three fourths full of water,
B. Point the fan tovards one end of the pan and turn it on low spend
and observe.
DALCER: FKeep fingers away from the fin blade and keep water anay
from the fan and cord.
C. Now turn the fan to high speed and observe the wvater.
Dy Place a rock in the wvater and repeat taa activity. How does the
obstru-tfon affect the waves?
OBSERVATIONS:
A, Small waves ¢ 2 formed when the fan was on low spced.
B. Lacger waves were formed when the fan was on hich speed.
C. Yaves splashed agains® the rock on the windward side.
D. There +as a snall atea of relatively ¢taln water on the leevard stie

side of the rock.



GEOLOGY

CONCLUSION:

A. Wind is responsible for most waves.

B. The size and shape of a wave is generally dependent upon the depth
of the water,

C. Generally, waves affect only the surface, and in the shallows, move
the sand teneath,

D. Waves are larger on the lecward side of (downwind) large hodies of
water, since the wind has a chance to push the water ahead of it.

E. The distance the wind has to sweep across a body of water is known
as the "fetch",

F. Coves and harbors are usually calmer than the main body of water

because trees or projecting points of land help break up or slow
down the action of the wind.
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GEOLOGY
OBJFCTIVE:  To show hov density or turbldity currents are formed.
JATERIALS:

A. Llarge hydrometer jar or graduated cyliader
B. Clear water

C., Sand, silt, uud

D. DBeaker

PROCEDURE :

A. Half fill hydrometer jar or cylinder with water and position at an
angle as 1llustrated.

. Make a concentrated solution of fine sand, silt and mud {n the beaker.

C. Carefully pour come of this solution down the bottonm edre of the
cylinder and observe.

MuDbDRY Suspension

CLEAR WATER

— DENSITY OR TURBIDITY
CURRENTS

OBSERVATIONS :

A. The muddy solution moved to the lowest part of the cylinder, creating
a rolling type of current as it moved forward.

B. The tilted cylinder represents the conrcinental slope,

C. The muddy solutfion represents & denser golution that results tirough
the mixtng of -wd and or silt with sea water on the continental slope.
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GEOLOGY

CONCLUSION:

The muddy solution is denser than clear water, therefore it sinks
to the bottom of the clear and lighter water.

Ag the denser water sinks beneath the lighter water, a dansity
current if formed.

Muddiness of water 1s called "turbidity".

Density currents also result duc to the excessive ¢ooling at the
poles, which causes the water to contract and become denser. Rapid
evaporation in warm dry _.{imates causes the sea water to become
saltier, therefore denser.

Many escientists believe that under-sea canyons weie actually curved
out of the continental slope by these density or turbidity currents.
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GEOLOGY

OBJECTIVE: To show how lime is formed from limestone.

MATERIALS:

A. Pileces of crushed or broken limestone

B. Tin coffee or tobacco can with a tight cover
C. Hot plate or burner

D. Matches

E. Ringstand (If burner if useld)

NAIL HOLE

CRUSHED LIMESTONE b 7S
COFFEE CAN

I1X. PROCEDURE:

1v.

A.
B.
C.
D.

E.
F.

With a nail, make a hcle in the cover of the can.

tlace the crushed limestone about one inch deep in the can and heat.
Watch hole to see if any gases are released that are visible,

Every five minutes light a match and hold it over the hole. What
heppens?

Continua heat” g until nothing happens to the lighted match.,

When tlie can is cool, open an examine the contents.

OBSERVATIONS:

A,
B.
C.

No visible gas could be observed escaging through the hole.

The flame of the lighted match went out when held above the hole,
The contents of the can are now whiter and more powdery than prior
to heating.
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CONCLUSION:

A, Limestone is calcium carbonate (CaCO,)

B. Lime is calcium oxide (Cad) ---- It is vhiter and more easily
powdered.

C. When the limestone was heated, carbon dioxide (C02) was driven off

causing the lighted match to go out when held dircctly over the hole
in the can,

It can be expressed or shown by a chemical formula as follows:

y
CaCO + Heat.. - - - -= v~ e=—==3C02 + Cal

ADDITIONAL INVESTIGATION:

A,

B.

C.

Try to dissolve some of the contents of the can in water.

Filter the solution through filter paper, blotting paper or paper
towel,

By blowing your breath through a straw into the filtered liquid, you
can tell if you have made some limewater.
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GEOLOGY

OBJECTIVE: To demonstrate and explain permeability
MATERIALS :
A, Pebbles E. Clay (If natural clay is nat available,
B. Sand use modeling clay.)
C. Soil F. Four glass funnels
D. Humus (Black dirt) G. 6 test tubes
H. Watch
PROCEDURE:
A. Fi1l each funnel within 3/4 inch of the top with pebbles, sand, soil,

humus, and clay.

Set the stem of each funnel into a test tube,

One at a time, pour a test tube of water into each funnel, carefully
measuring the time required for the water to flow down into the lower

test tube, '
; / MEASURED  AMOUNT OF WATER

ST HUMUS CLAY

4 { 4

T

OBSERVATIONS :

A.

The water flows through the materials in this order:
1. Pebbles ---~very rapidly 4. Humug ~--~--very slowly
2. Sand ~w=m~-~~ rapidly 5. Clay ====w-- hardly any flow

3. Soil ~ww=—-- slowly

CONCLUSION:

A,

B.

C.

Permeability -~ the ease with which water can flow through soil or rock
substance,

The permeability of a substance depends upon the size of the particles of
that substance.-~--The larger the particles, the greater the permeability

NOTE: Materials like nlay may be highly porous, yet be impermeable due to

the very fine pores. Nonporous rocks gsuch as limestone often becom
permeable due to the formation of cracks and fissures through which
water can pass freely.
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ORINCTIVE: s leple acdd test for linestone and dolomite.

SATER (ALS

e

5.

A sample of liraestone
A sauple of doulonite

C. Dilute hydrochloric acid --- four parts of water to one part HCl

D. Glass tray or dish

E. Source of heat

F. Hammey

G. Test tube and test tube clamp

il Anvil or plece of railroad rail

PROCEDURE :

A, With the specimens in the glass dish, place a drop or two of the
dllute hydrochloric acid on each. Record any reactlon,

vo  VERY CAREFULLY heat the dilute HCl in the test tube and place a
drop or two of the warm acid on the sample that did rot react with
the cold acid. Record any reaction.

C. bBreak off a small piece of the specimen that did not react with the
cold acid, Crush it to a powder snd test it with dilute hydrcchloric
acid. Record any reaction.

D. Check each of the specimens for hardness.

(Coro)

DotoMITE
LIMESTONE

DILVTe HCel
HEAT Stowly

DIUYTE HYBROCHLORIC nc/o\

POWDERED DotoMITE
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OBSERVATIONS:

A.

Limestoune reacts ~-~ (fizzes) with dilute hydrochloric acid.
Dolomite does not.

B. Dolomite rcacts with the acid when crushed to & powder.

C. Dolomite reacts with warm dilute hydrochloric acid,

D. Dolomite is slightly harder than limestone =---3.5 to 4,0

CONCLUSTON:

A, Limestone and dolomite can be identified by the simple acid test.

B, A lump specimen of limestone reacts with cold dilute HCL.
Dolomite does not.

C. Dolomite will react with dilute warm HC1.

D. Dolomite powder or dust will react with cold " dilute HC1,

E. Limestone (calcium carbonate ~- CaCO3) has a hardness of 3.0.

Dolomite (calcium magnesium carbonate -~ CaMg (003)2 has a
hardness of 3.5 to 4.0,



GEOLOGY

I, OBJLCTIVE: To show how ceéves and sinkholes are formed in limestone
layers.
I1. MATERIALS:
A. Plece of limestone

B. Dilute hydrochloric acid
C. Metal or glass tray .___,////‘{

I11. PROCEDURE: ~

DILVUTE
HYOROCHLORIC
Acio

A, Place a few drops of the diluted acid on the piece of limestone.
What happens?

B. Continue putting more acid in the same spot.

C. Observe this same spot closely after washing the specimen thoroughly,

IV. OBSERVATIONS:
A, The limestone fizzed upon contact with tha dilute hydrochloric acid.
B. A small depression was formed as the acid was continually added to
the same spot.

V. CONCLUSION:

A, Most large caves are formed in layers of limestone,

B. Rainwatar dissolves carbon dioxide from the air, forming a weak
carbonic acid.

C. As thfs rainwater seeps through the cracks and crevices of limestone
layers, it reacts chemically with the limestone it contacts, slowly
dissolving some of the limestone as it #o-es downward,

D, Eventually holes are formed in the rock.

E. If they are near the 8 face, the rnofs may collapse and form
sinkholes.

F. Caves or caverns usually develop in limestone that is capped with
harder rock in the region above.




GEOLOGY

I. OB-ECTIVE: To damonstrate how rock foymations are warped without
breaking.

II. MATERIALS:
A. String
B. A weight
C. Plece of glass rod, three feet or longer

111, PROCEDURE:

A. Suspend tubing by strings as indicated in the drawing.
B, Hang a small weight from the center of the tubing.
C. &allow to remain hanging for two weeks and inepeat the tubing.

IV. OBSERVATIONS:

A. The plece of glasc tubing was straight prior to being su: ‘ended.
B, At the end o ¢he two weeks, the tubing has a slight bend in {it.

V. CONCLUSION:

A. The steady pressure exerted by the weight over the two week period of
time cansed the glass tubing to bend rather than break.

B. Considerable pressure is constantly being exerted on rock formations
below the earth's surface. This generates heat and over a period of
thousands or nillions of years, solid rock layers are bent, foldad
and cracked,




GEOLOGY

1. OBRJECTIVE: To construct a model seismograph.

11, MATERIALS:

E,
F,

Window weight or other suitable weight
Pencil

Tape

Paper

Ring atand support aad ring.

"c" clamp

L11. PROCEDURE:

A,
B.
c.
D.

o RING STAND
SUPPORY

" SMALL WINDOW
WEIGHT

Pancn\

Set up ¢}, i11atus as shown above,

Pencil should be just touching the paper.
Jar table lightly and observe.

Jar table more severely and observe,
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OBSERVATIONS:

A

The weight moved back and forth slightly vhen the table was tapped
gently, causing short tracings to appear on the paper.

R, The weight moved back and forth further when the table was jarred
more severely, causing the pencil to make longer tracings on the paper.

CONCLUSION:

A, A selsmograph is a free-hanging pendulum, held steady in its vertical
plane by the weight.

B. It 18 mounted in conerate which in turn rests on solid rock below
ground level,

C. As rock layers shift and cause vibrations (earthquakes), the intensity
of the vibrations can thus be measured by means of a seismograph.

D. The tracing (recording) made by a seismograph is called a selsmogran,

E. The dovice illustrotes the principle of a seismograph. There are

other types.
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CONCEPT

WEATHER

What causes air pressure?

Why does air pressure decrease as you go higher above
gea level?

To
To
To
To
To
To

thow that air occupies space.

show that air occupies space.

show that air does have weight.

show and explain the effects of air pressure.
show that air exerts pressure.

show that air pressure is essential to drink with a

strav.

The siphon and how it uses air pressure and gravity
to work.

To

show that air expands when heated.

Dark objects absord more heat than light or shiny objects.

To

show that the air {s heated by contact with land and

water,

Making a cloud in a jug and explaining what causes this
to happen.

To show how &8 tornado is formed and the direction of winds
in a tornado.



WEATHER
1, INTRODUCTION:

A, Weather: The condition of the atmosphere at a given place
aud time,

B. Atmosphere: The ocean of air that surrounds the earth.

C. Condition of the Atmosphere:

I. Hot or cold -- teuperature -- measured by thermometer.

2. Wet or dry -- relative hunidity (air woisture;--
hygrometer or sling psychrometer.
Precipitation: (melted) Rain -- Hail -~ Snow ~-- Sleet.

3. Windy or calm ~- air movement

(a) Velocity --- anemometer
(b) Direction -- wind vane

4, Clouds --~ type and amount -:- observed and determined visually
S. Air pollution -- duat, smoke, etc,

6. Air pressure ~- normal is l4.7 pounds per square inch at sea
level.

(a) Seldom normal due to:
(1) Elevation above sea leavel
(2) Per cent of water vapor in the air
(3) Temperature of tha air
(o) BAROMETER: Indicates changees in air pressure

D. LAYKRS UF THE ATMOSPHERE!
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WEATHER
I.  OBJECTIVE:

What caugses air pressure?
Why does air pressure decrease as yo. gno higher asbove sea level?

I1.  MATERIALS:

A. Po«.er board C. Piece of lumber - 1" x 1" x 8 feet long
B. Magic Marker pen D. Paint

IIT. PROCEDURE:

A. Cut out pennants and label for the four layers of the atmusphere
-- making certain all print can be read from all parts of the room.

B. Cut &' piece of lumber {nto Z pieces 1' in length, one piece 2' in
length and the remainder would be &' long.

C. Using finishing nails as pins, rake the arrangement illustrated be-
low so that the &4 pieces can be joined and detached easily.

D. Paint each of the 4 sections a different color.

Y K126 AILES DRI HOLES FoRk SWU6 11T

25 MIES
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1V.  UBSERVATIONS:

A. This one inch column represents a column of air from sea level to
the very top of the atmosphore,

1. 1f {t were physically possible to do a0, a one inch square
cvluan of air placed on a acale would weigh 14,7 pounds, ~--
thue the 14.7 pounds per square pressure inch at sea level is
the result of the weight of this coluan of air.

2. 25% of this weight 1s in the troposphere, that portion of the
atmnosphere in which we live. (about 1l pounds) This is due to
the fact that the molecules of air are much closer together in
the troposphere. 1In fact, the higher one goes up in the at-
mosphere, the further apart the molecules are spread.

v, CONCLUSION: Tlare are numerous ways in which this rod, representing a
one uquare inch column of afr, can be utilited vhen teach-
fing about air pressure, atmosphere and its lavers, etc.
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WEATHER

OBJECTIVE: To show that air occupies space.

MATERIALS :

A,
B.
C.

Glass or beaker
Large battery jar
Small cork

PROCEDURE :

B.
C.
D.

Fiil battery jar about half full of water

Place cork on the °ater

Push "empty" inverted glass into the water over the cork ~- Observa
Now, tip glass to one sidei~=---- What happens?

AIR SPACE —

GLASS
CORK

Aip BuBBLES

OLBSERVATIONS:

A,
.

The cork floated on a layer of water i{nside tha glass, dut below the
level of the water {n the battery jar.

When the glass was tilted to one side, bubbles appeared and water
entered the glass.,

CONCLUBION:

A,

3.
C.

The fact that the water level and cork inside the inverted glass

vas lover than the level of the water in the battery jar shows that
the 3lass was not really, ---it contained air and air does occupy
space.

When the glass vas tipped, the air escaped as indicated by the buddles,
and the air vas replaced by the water.

Alr does occupy epace.



WEATHER
I, OBJECTIVE: To show that air occupies space.
II. MATERIALS:

A. Bottle or flask

B. Two-hole stopper to fit A
C. Glass funnel to fit stopper
D. Beaker

B. Water

II1X. PROCEDURE:

A. Using socap (1iquid) as a lubricant, insert funnel into stopper

B. Insert stopper with funnel into flask

C. Fill beaker about half full of water

D. Have one child hold finger tightly over uncovered hole while
another pours water in the funnel to fill the flask.

E. Now have the child remove his finger from the uncovered hole.

AR PREVENTS Y\ £ whes

WATER FRom
ENTERING

IV. OBSERVATIONS:

STOPER
Borrié

A, Water would not eanter flask from the funnel while hole was covered.
B. As socon as the hole was uncovered, vater entered lask from the
funnel.

V. CONCLUSIONS:

A. Water did not enter the flask bocause the air in the flask could
not escape, thus the air held the watar dack.

B. lMhen thr second child removed his finger from the hole, the air
then could escape, alloving the water to enter and take the place
of the air.

C. AIR DOES OCCUYY SPACR.




WEATKER

1. OBJECTIVE: To show that air does have weight
IT.  MATERIALS:

A, Large balloon

B, Tire puwp

C. Balance
ITI. PROCEDUKE:

A. WVeigh balloon in deflated condition

B. Usiug the tire pump, inflate balloon
C. Re-weigh the balloon

CounTER DEFIATED BALLcon

NEI68 T
L% Weenwis

yd

Y
- INFLATED ;
IANCE werenr \"
DesTrovep { ﬁﬂrpl n‘,ML ¢ eyl -cn'd‘
) \uhaﬂa
\ l

BAAVCE »‘ |
& RESTORED & 2 wrrsning

IV.  OBSERVATIONS:

A. Balloon before inflation weighed
B. Balloon after inflation weighed

v, CONCLUSION:

A. The balloon weighed more after inflation

B. This shows that air does have weight

C. Since air does have weight and does occupy space,
AIR IS MATTER.
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WEATHER
OBJECTIVE: To show and explain the effects of air pressure.

MATERIALS: A. Enpty and clean one or *two gallon oil or gas can.
(disposadble type)
B. Gas burner or electric hot plate
C. Swall smount of water )

PROCEDURE: A, Flace small amount of water in the can. Place over
source of heat and allow the water to boil for several
ninutes,

B, ERExplain that the purpose of the water is o prevent the
can and solder from uelting.

. C. Explain that as air {s heated, it becomes lighter and
rises.

D. Explain that there are approximately 200 equare inches,
top and bottom not included, exposed on the average onu
gallon dupliecator fluid can vhose dimensions are 4 inches
thick, 6-1/2 $nches vide and 9-1/2 inches high. This
figures out to a total of 3,940 pounds -~ almost 2 tons.
Cousideradly heavier than the average American Automobile.
The reason the can doss not collapse normally is the fact
that this presoure is exerted equally in all directions -
outeide in -~ inside out -~ up, dowvn, ete.

B. After the water has boiled for several minutrs, remove the
can from the heat source, replace the cap tightly and ob-
serve.,

ThRow-A-WAY Can

N N
'«
D

OBSERVATIONS

A. Can reasined normal while deing heated

3. Condensed steam could be seen over the opening of the can.

C. Shortly after the cap was replaced tightly, the can twisted and
collapsed.

CONCLUSION!?

A. As the can was heated, the air became lighter and rose from the car
creating a partiel vacuum inside the can.

3. Due {0 the greatar air preesure on the outside of tha can, the can
collepsed shortly after the cap was replaced.

C. Tha can did not collapss prior to this because the can vas open and
the air pressurs could equalise ftself --~ but, aa e0on as the cap
sealed off the outeide afr, and the small amount of air remsinieg
ta the can degan to comtract, the can then bdegan to collapes.
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WEATHER

_OBJECTIVE: To show that air exerts pressure.

MATERIALS :

A. Glass o jar with smooth, even rim, --~ a beaker will not work
B. Balance

C. Watec

D. Ditto paper
E. Pan or sink

PROCEDURE:

A, Weigh empty glass

B. Fill glass with water and weigh

C. Place paper over rim of glass, meking certain of contact all around.

D. Holding paper firmly against rim, invert glass over the sink or large
pan.

E. Remove hand from the paper and observe -- ask students to explasn whyl

F. Gently lift one edge of the paper and observe inside glass.

AER ——— s 87 DIAMETER
Ao SINce
WATER
GLASS —~—» &ASS
JWTE:
4 ! $

AR PEHES UP, ---
OBSERVATIONS: 14.7 &_ov t‘A’#
S——— SQnRE M
A. Empty glass weighed =~
B. Glass with water weighed __
C. Weight of water is
D. Paper remained in contact with the glass rim and the water did not fall
out when the glass was inverted.
E. Large afr bubbles entered the glass and the water ran sut when an edge
of the paper was lifted from tho ria of the glass.

CUNCLUS1ON!

A. Alr pressure held the paper in place and kept the water from running out.
1, Afr pressure at sea level is 14.7 pounds per squate inch
2. Radfus squared times pi equale area of a circle
3, A glass with a 3 inch rim has an area of about 7 sq. inches --total
pressure on this area is about 103 pounds ~- compare this with weight
of water,
B. This would not work on a jug or smsll necked bottle since the area of the
opening is small and the weight of the water would be greater than the
total pressure on the paper covering the opening.



WEATHER
1. OBJECTIVE: Air pressure ic essential to drink with a straw.

IX. MATERIALS: A. Flask or bottle
B. Two hola stopper to fit A
C. One short piece of glass tubing
D. One longer plece tubing with bend as illustrated.

I1I. PROCEDURE: A. Assemble as {llustrated
B. Use 1iguid soap when fitting stopper with glass tubing

C. Have one child try to suck the 1liquid through the longer
tubing while another holds finger over short tubing.

D. MNow have child remove finger from the short tube while

the other contirues to suck.

Q s
AR Cawor v W\\ AR ENTERS
F #. :

N - 5l
LIgviD CANeT :
BE winsasn

o AL
Ve

A, ‘The liquid coull not be withy awvn as long as the shert tubinh'wn- close¢
B. When finger was removed from the short tubing, the 1iquid could then be
withdrawn by sucking.

Liquio 18
SWCKED W
TVING

1Vv.  OBSERVATION:

V.  CONCLUSION:

A. 1n order to drink from a ccntainer with a strew, it is essentisl that
air from outside can ente¢ the container to force the 1iquid up and
through the straw.

B. When you suck on ths strav,you remove the air from the strav, creating
& partial vacuum in the etrey, --- then the normal air pressure on the
1{quid forces it up through the strav, and iamto your wouth.

€. 1f air cannot entar to replace the space occupied by the liquid, then a
partial vacuun results in the container.

NOTE: Thie exporiment can also be effectively deronstrated with a half pint wvax
carton. 1In an unopened cartoa, punch & hole with an ice pick and f£it wvith
otrav --- geal around outeide of strav with wax and have a etudent attempt
to euck nilk from carten., 1t carton is air tight, this will be practically
iaposeible,
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OBJECTIVE: The siphon and how it uses air pressure and gravicy
to work.

MATERIALS :

A. Long piece rubber or plistic tudblag
B. Large battery jar, aquariuvm, bucket, etc.
C. Large container or sink to catch water in

PROCEDURE :

A, Fill battery jar with water ~nd place in a higher position than
the sink or bucket that will be used to catich the water.

B. Now fi1l the tubing with water as {llustiated in "A"

C. Hold both ends of tubing closed with fingers and submezge one end

in container to be emptied, -~~~ the other end in the sink or catch
bucket.

D. Remove fingets from each end of the tubing. AR PRESSURE PUSKES
SFm YBINS 't Tois POSITION DowN

Closs BerH ENDS \
AN A
L2OWY

d Parr Hacm
N AVD AND AR
PRESSRE CABE

Frg. A
WATER T0 RoW
UP SHORT ARM
OBSERVATIONS SUBMEREE AW END IN CoNTVNVER

A. ¥hen fingere vere reucved from ends of tubing, the water flowed
““k:’ from the container, through the tubing and into the cateh
dbucket.

CONCLUSION1

A. The eiphon operates by gravity aua air pressure!
1. Water falls dus to gravity in the long arm, cresting a partiel
vatuum {nside the tude,
2. The air pressure on the surface of the water, in the container
being omptied, forcea thu water up the short arm of the tubde.
B. This synces con be used o empty dirt, fine sand, or vater froz an
aquarium without disturdbing the plancs and fish,
C. This syetes can also be used to transfer iiquide from one container
to another vhen nd other seans fe availadle.




WEATHER

I, OBJECTIVE: To ehow that air expands when heated
I1. MATERIALS:

A. Balloon

B, Flask

C. Snurce of heat --- hot plate or burner

D. Ringstand assembly
III. PROCEDURE:

A. Fit balloon over mouth of flask and heat gently, ~-- observe balloon
B. Allow flask to cool and observe balloon

BaLoow Berore L Latioow Is
‘ ) TIALL
FLASk 1S HEATED INFLATED WHEN
1S HEATED AN
EXpANDS
AR

WIRE GAUzE — \ . 20
RiNe Suvrrorr

Borwer ——

5@ Kive STAMD
Y

Iv. OBSERVATIONS:

A. The balloon, which was limp, partly inflated when the flask was heated.
b. When the flask was allowed to cool, the balloon becsme limp again,

v. CONCLUSION:

A. 7The cool aitr indide the flask expanded when it vas heated, inflating the
balloon partly.

B, When codled, the air contracted, allowing the balloon to become limp
again,

AIR EXPANDf WHEN HEATED ---- AIR CONTRACTS WHEN COOLED




WEATHER
1. OBJECTIVE: Dark objects absorb mure heat than light or shiny objects.

II.  MATERIALS: A. 2 coffes cans of equal size, with 1lids.
B. Aluminum paint sand black paint
C. 2 thermometers
D, Heat lamp

IIT. PROCEDURE:

A. Paint one of the cans and one of the lids blaek.

B, Paint the other can and 1id aluminum.

C. Drill hole in each 1id so that thermometer fits snugly.

D, If necessary, fit rubber band around thermometers to hold in
desired position.

E. Turn heat lamp on so that it is exposing each can equally, --
record temperatures every few minutes. Which can heated most

rapidly? Why? y )
EAT LAMP
THERMOMETER S '| i _

COFFEE
CANS

<~ PAINTED
SILYER

I'7. OBSERVATIONS:

A. ' black can heated considerably more rapidly than the aluminum can.

V.  CONCLUSION:

A. The black can absorbed moxe heat than the sluminum csn.

B. The aluminum can reflected much of the radiant energy of the heat lamp.

C. Dark elothes and abjects absorbd more heat then light clothea and ebjects.

D. The earth is heated unevenly by the sun due to the various colors of
grass, soils, pavements, buildings, sands, atc., including water.




WEATHER

) OBJECTIVE: To show that the air is heated by contact with the land
and water,

II. MATERIALS:
A. Three, half gallon or larger jars --~ battery jars if available
B. Nine thermometers
C. Soil from a shady area
D. Cold water

III. PROCEDURE:

" THERMOMETERS

AIR

“TRIPOD
SUPPORT

A, Fill one jar half full of soil from a shady area --~ record
temperature,

B, Fill one jar half full of cold water --- record temperature.

C. Leave third jar empty of any material except the air inside.

D. Place the three jars on a support as indicated in a sunny area.

E. Using masking tape, string, or rubber bands, suspend a thermometer
in the soil, water and the empty jar at the same depth.

F. Fasten another thermometer at the center of the opening of each jar.

G. Fasten still another thermometer six inches to the side of each jar,
making certain that sach thermometer is at the same level,

R. At fifteen minute intervals, recerd the .emperatures as indicated in
the chart bn tha following page.

I. While waiting for temperature readings, record the temperature of
the air in various spots: near the floor or groung; in sunny spots;
in shady spots; at different levels 1bove the ground, etc.

J. When "I" is completed, place the three jars in a shady spot and
record temperatures every fifteen minutes as in the chart foliéving.




WEATHER

SOIL WATER EMPTY JAR

|
Soil Side] Temp at | Water |Side | Temp at Insidd Side |Temp at
Temp., | Temp ; Opening |Temp {Temp | Opening |Temp (Temp [Opening

Start

15 min,

30 win.

45 min.

60 min.

75 min.

90 min.

IV. OBSERVATIONS:

A. VWhere was the temperature rise the greatest?

B. Where was the temperature rise the least?

C. Does this explain how the atmosphere is heated?

D. Which cooled most rapidly, soil water or the empty jar?

V. CONCLUSION:

A. Radiant energy from the sun heats the land and water, cocnvection
currents from the land and water then heat the air.

B. Land is heated more quickly than water, but also cools more quickly
than water, thus evening breezes are from the bodies of land to the
bodies of water; daytiuec breezes are towards the land.




WEATHER

I. OBJECTIVE: Making & cloud in a jug and explaining what causes this to
happen.

I1. MATERIALS: A. Large glass jug -~ the largnr the better
. B. One-hole rubber stopper to fit jug
C. Short plece glass tubing to fit rubber stopper
D. Tire pump and rubber tubing
E. Spoonful of water
F. Punk stick

IIXI. PROCEDURE: A. Fit one-hole stopper with glass tubing

B. Connect pump to tubing with rubber tube

C. Pump air into jug until stopper blows out ---stand slightly
to the 8ide of jug while pumping pressure

D. OBSERVE closely what happens inside the jug as the stopper
blows out.

E. Add a spoonful of water and repeat A through D. Do you get
a better cloud?

F. Insert a smcking punk stick in the jug for about a minute
and then repeat A through D, Under what conditions did you

get the best ¢loud? éi——GLASS TUBING

- WE-HoLE

T STOPPER

TIRE PuMpP

1v. OBSERVATIONS: A. A fine white haze appeared inside the jug whea A through
D completed.
B. A denser haze appeared after moisture was added and ex-
periment repeated,
C. A very dense haze (cloud) appeared after smoke and mois-
ture added and experiment repeated.

v, CONCLUSION: A. tWhen air in the jug expanded, it suddenly cooled and re-
leased its moieture in the form of a cloud -~- wari air
can hold more moisture than cool alr.

B. When the moisture wes added, the cloud became denser
since woisture is essential for the formation of clouds.
C. The addition of smoke, which is actually fine particles of
carbon, acts as the nucleus for the moisture to condenge
upon.




WEATHE Y.

I. OVJECTIVE: To show how a tornado is rormed and the direction of winds

in a tornado.

I1. MATERIALS:

-\C
B.
c.
D.
E.
F.
G.
H.

Cardboard box about 15" X 15" X 15"

Two pieces of glass, same dimensions as two sides of the box
Cardboard tube, six inches in diameter and four feet long
One electric hot plate, a pan and water

Tapr.

Legs or other support for box

Black paint

Flexible gooseneck type lamp and 100 watt bulb

111. PROCEDURE:

A,
B.
C.
D.
E.
.

Assemble and set up apparatus as illustrated

The tube can be assembled from cardboard or 6" stovepipe can be used
Paint inside of the two remaining walls black

Heat the pan of water below the box as illustrated

Shine the 1light through one glass side and look through the other

If a cloud is not visible in the box, blow some chalk dust or smoke
in through the slots

CARDBOARD Box

-
g, .
£ 4~ 1"X2" sL078
GLASS &
L, R



WEATHER

IV, OBSERVALIONS:

A, A cloud formed inside the box.
¥
B. The air currents moved in a counter clockwise direction towards the
center and upwards through the tube.
V. CONCLUSION:

A, Tornadoes are funnel-shaped clouds with high wind velocities towards
the center at up to 500 mph, and up-~drafts in excess of 100 mph.

B. Convection currents cause warm, moist air to become superheated and
rise rapidly. As the warm air meets cool air currents, whirling
. winds are set in motion.

C. Alr pressure at the center of a tornado is very low.
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OBJECTIVE: To make a working wind vane and to explain how it works.

MATERIALS: A. Wheel from an old roller skatc

B. One 2" x 4" - 12" long

C. 3/8 inch bolt, .6 inches long, with four nuts for same.
D. One 1" x 2" - 18" long

E. Four pileces of aluminum or other thin metal

F. Three screws and washers

PROCEDURE::

A. .

Drill hole in center of 2 x 4 so that nut on bottom of wheel can turn
frecly.

B, Cut two pieces of the metal into a tail fin and attach as i1llustrated

to 1l x 2.
C. Cut 2 pleces of metal into point for nose and attach as illustrated.
D. Find the point on the arrow where it balances and drill 3/8" hole.
E. Complete assembly and paint.
F. Lubricate wheel prior to installing and then about every 6 =zonths.
G. Install on a firm support that is free of obstruction such as trees,

buildings, etc.
R, Using a compass, install‘marker for the cardinal points, ---N-E-S-W,

NUT
=1 %
A~— SCREW
) ROLLER SWKATE WHERL
S— 2x4
RECESSED SO NUT TURNS

OBSERVATIONS : FREELY
A. This is a working weather vane and, if properly assembled, should function

satisfactory for a long period of time.
CONCLUSION:
A. A wind vene always points into the wind, that is, the direction the wind

" 418 coming from. If the vane points to the east, then the wind is blow-

ing from the east and towards the west.
B. The larger rear fin helps or causes the arrow to point into the wind.
C. A veather vana must de adle to swing freely if it is to function correct-

ly, so be certain that it is well lubricated at all times.



WEATHER
1, OBJECTIVE: To make an inexpensive rain gauge and explain how it works.

II. MATERIALS: A. Olive jar, or other tall narrow jar
B. Plastic ruler
C. Waterproof glue or tape

III. PROCEDURE: A. Attach plastic rule to jar with waterproof tape or glue

as 1llustrated, making certain that one 1inch end 18 down
and even with the bottom of jar. Also, make certain that
scale on rule 18 facing in, so you will look through the
water and the jar for the 1eading.

B. Place rain gauge out of doors in an open ares.

C. As soon as possible after each rainfall, hold gauge verti-
cal and take reading, and record aleng with other weather
information.

D 4~ _—— OLIVE VAR

~—— PLASTIC RULER~ GLUED To QUrsIIE
WITH RULED SURFACE FACING IN

“~— PAINFALL = 3 INCHES

IV.  OBSERVATIONS:

A. This 18 an inexpensive way to make a fairly accurate rain gavge. The
accuracy of the measurement depends solely upon the person taking the
reading.

V. CONCLUSION:

A. No calidrations are necessary with this type of rain gauge -- you get
a direct reading,

B. Readings should be made as soon as possible after each rainfall so
that evaporation does not affect the accuracy of the measurement.

C. Be sure to empty the rain gauge after each reading, and after each
rainfall. ‘

NOTE: A. Some companies, such as feed and fertilizer companies give away
small rain gauges that &re accurate.
B. A small, accurate rain gauge can be purchased in most hardware

stores for less than one dollar.

'MOWEVER: Our homemade rain gauge 1s just as accurate as any of the above, plus
wa have the pleasure of knowing that we made it ourself.
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OBJECTIVE: To explain how a liquid thermometer works.

MATERIALS: A. Working thermometer

B. Broken thermometer

C. Flask
D. Rubber stopper fitted with gless tubing
E. Water

F. Food coloring
G. Source of heat

PROCEDURE: A, Set up apparatus as illustrated

B. Mix food coloring with water

C. Heat gently and observe - heat of hands should be sufficient
D. Place in pan of cold water and observe.

E. Closely examine the stem of the broken thermometer.

|4~ GLASS Tueing SCALE

4 (LowsER THAW SHOWN) ]
“— RUGBER OSTOPPER B CAPILLAR'
3 ] TusE
S \ FLASK :GSTEM
: TER
CoLorRED WATE “uLe
ELEcTRIC (ALcoHO!.
HOT PLATE oR.
OBSERVATIONS: cE o SEdsa ziele MERCURY
A. The water was more visible after the food coloring was mixed.

B. When heated gently, the water roge in the glass tubing.

C. When cooled, the level of the colorad water dropped.

D. The opening in the stem of the broken thermometer is finer than a hair.

CONCLUSION:

A. The colored water expanded as it was heated and thus rose in the glass
tubing. When cooled, it contracted and the level dropned.

B. Most household thermometers contain alcohol which has been colored.

C. Colored alcohol, like the colored water is easier to see.

D. An alcohol thermometer is less expensive than a mescury thermometer.

E. A mercury thermometer is more accurate than an alcohol thermometer.

F. The fine opening in the tube of a thermometer is actually a thick-walled
capillary, the air having been expelled by heating the mercury in the
bulb, allowing it to expand, fil) the tube, and the tube is then sealed ¢

G. Because the air has been expelled, the mercury can expand and contract

freely as the temperature changes.

DISCUSSION: A. Temperature: The degree of hotness or coldness of an object

in degrees, Fahrenheit or centigrade. A measure of thermal
energy.

B. Heat: A form of energy produced by the vibration of molecule

C. Cold: A temperature much lower than the human body.

D. Absolute Zero: (-273° C. or -459.,6° F.) the lowest possible
temperature: All molecular action has stopped -- all possib
thermal energy has been given up.




BAROMETER:

WEATHER

GENERAL INFORMATION:

1.
2.

3.

5.

7.

Invented by Torricelli in 1643 --- (the mercury barometer)

The mercury barometer is more accurate, but also more ex-
pensive and more fragile than the aneroid barometer.

The aneroild barometer is more portable, and calibrated to
read the same as mercury barometer --- in terms of the
height of a column of mercury that the atmospheric pressure
will support.

The altimeter -~ (an instrument for measuring distance
above sea level) is conztructed the same a8 an aneroid
barometer, but has a scale indicating feet above sea level
rather than inches of mercury.

The specific gravity of mercury is 13,546, This means an
equal volume of mercury is 13.546 times heavier than the
same volume of water,

A barometer could just as well be constructed of tubing
and water.

It would have to be about 36 feat high.

The water would freeze in cold climates.

The water would evaporate from the reservoir at the
bottom.

The barometer is but one of the many different instruments
used In forecasting the weather. It indicates smsll changes
in air pressure In terms of the height of the column of
mercury that can be supported,

RISING BAROMETER indicates fair weather
FALLING BAROMETER indicates stormy weather
S5TEADY BAROMETER indicates no changes in weather



WEATHER

I. OBJECTIVE: To make an aneroid barometer and explain how it works.
1I. MATERIALS: A. Glass jar E. Glue
B. Large balloon F. Sheet of cardboard

C. Adhesive or other taps
D. Soda straw (plastic, if avafilable

IIX1. PROCEDURE:

A, Assemble apparatus as illustrated, making certain that the balloon
is stretched tightly across the mouth of the jar, and taped tight
as indicated.

B. Assemble cardboard, as chown,und draw scale -- space markings evenly
and number.

C. Record readings of barometer over a period of a week or longer.

D/(/iff{ﬁ )GM / e ; — CARDBOARD
TAPE . ! SCALE

STRAW ————},
GLASS JAR —

Cur ¥ HALF
OPPOSITE BEND

Iv:  OBSERVATIONS:

A. As the air pressure increased, the air pressed down on the balloon,
causing the straw (the pointer) to point to a higher reading on the
scale.,

B. As the air pressure decreased, the air in the jar expanded slightly,
allowing the balloon to bulge upwards and causing the pointer (the
gtraw) to point to a lowexr position on the scals.

v. CONCLUSION:

A. The aneroid barometer operates with the change in atmospheric preasure.

B. As the pressure increases, the air is actually heavier, causing the
diaphraga (the balloon) to bulge down or inward.

C. As the diaphragm moves up and down, the free end of the straw moves in
the opposite direction, the straw amplifying these movements.

D. Keep the barometer away from exrieme hest or co'd --- heat causes the
air in the jar to expand and cold will cause the air in the jar to
contract, and a false reading will result.
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OBJECTIVE: To dissect and explain how an aneroid barometer works.

MATERIALS: A, Old, non-working aneroid barometer.

B. Largas drawing of internal parts of aneroid barometer.

PROCEDURE: A. Point out the main parts of the barometer on the drawing.

At the same time, show the identical part from the barometer.
B. Explain the operation and function of each part.

CURVED SPRING

POINTER A : »//
T EI—~ paeriAL
v VACUUM
CHAIN ; 79
vLL 7
T 1 Anero
)7/ BAROMETER
OBSBRVATIONS 1
A. The "heart" or wain part of an anercid barometer i{s a hollow metal

disc from which the air has been partially removed. (evacuated)

B. This thin wetal disc 1e sensitive to very smell changes in air pressura.

C. It is connected by means of levers, chains and gears to the pointer.

D. As the air gets l{ghter, it weighs less and the pressure on the diec is
less, --- allewing the disc to expand and move the meedle to & lower
position on the scale.

E. The scale on the aneroid barometer ie calibrated (ardjusted and marked)
to read the came as a mercury baronater --~ inches of mercury. IT
DORS NOT INDICATE AIR PAESSURE IN POUNDS PER SQUARE INCH.

CONCLUSION:

A. Heavy air weighs more, the prassure incresses causing the metel disc
to squeese tosether and making the needle point higher on the scale.

B. Lighter air weighs lass, the prassure decreases causing the air inside
to &apend and allow the needle to point lover on the scale.

C. tISING BAROMETER --- {ndficetes fair veather

FALLING BAROMBTIER --~- indicates stormy weather
STEADY BAROMATXR ---- indicates no change in weather.
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I, OBJECTIVE: To construct and 2xplain the operation of a mercury
barcmeter.

I1. MATERIALS: A. Glass tube ebout 36 inchas long

B. 2 Or 3 pounds of mercury - possibly 5 pounds

C. Shallow dish

D. Ring staud support

E. Meter stick or yard stick, masking tape and
rubber bands

F. Bunsen or other gas burner

G. Medicine dropper pipette

H. Llarge beaker, battery jar, or other container.

I1II. PROCEDURE: A, Heat one end of glass barometer tubing and seal cloved -
allow to cool slowly.

B, Wwhen complately cool, fil} tubing with mercury, making
cartain thera are no air bubdbles in the tube. To best
accomplish £5114ing, tilt tubing and f1l)l with medicine
dropper. A thin insulated copper wire inserted in tube
wi.” help in £fill4ing,

C. Holding index finger over open end of the tubing,iavert
and place opan end under mercury in shallow dish.

D. Attach yard stick or meter stick to tubing with rubber
bands, adjusting bottom end of stick to tha level of mer-
cury in shallow dish.

E., Now attach yard stick and tubing to ring stand support
with tape or rubdber dands.

F. Observe level (height) of mercury in tube several times
a day for seversl days, Record this and also the waather

at that tiva, e Qeae Bane

“~ CAns
{&. f-Z‘u Qutsre pae)

GIASS Tube AT o et &
Meacvry ‘a—? METBR STICK
:' 4”30‘2“-.’3 R STAND SwMRI
As Lesery
£~ SEAKER N SmljLon
¢k il
1V.  OBSERVATIONS: A. The level of the mercury in the glass tubing is

- inches.
B. A mercury barometer is expensive, fragile, and not
too portabla.

v. CONCLUSION: A mercury daromaeter does not messure eir pressure -~ it
measures the height of a coluan of mercury the air presswre
will support. As emall changes in the atmospheric pressure
occur, the height of the column of mercury rises or falls
29 the presaure increases and decreases, thus small changes
in atmospheric pressure are detected and indicated dy
changee in the hefight of the column of mercury.

RISING BAROMETER = or indicates fair weather. PALLING
BAROMATER indicates stormy weather., STEADY BAROMEIRR
indicates no change in weather,

’




WEATHER
I. OBJECTIVE: What is a Cape Cod barometer and how does it work?

II. MATERIALS: A, Cape Cod barometer
B. Water
C. Food coloring

III. PROCEDURE:

A. If the barometer is not already filled with water, add coloring
to a supply of water and proceed to fill, being careful not to
fi11 more than about half full., Medicine dropper may be necessary

: for fi1)l4ing.

B. Make a scale reading {rom onea to ten, attach to neck of barometer.

C. Observe and record readings on barometer for a week or longer.

D. Compare movement of colored water is the neck of the Cape Cod
barometer to the movement of the nsedle on an aneroid baronetcr or
the column of mercury in a mercury barometer.

AIR PRESSURE PYSHES DOWN
Aﬂ?"'SZkVUY)’C?W%PPESSED

AS DOWN ANO VB)

COLORED WATER

1v.

A. Food coloring rakes water more viaidle,

B, As the air pressure increases, the colored water in the neck goes
dowm. At the same time the needle on the aneroid barometer and the
mercury ia the mercury barometer, went up.

V. CONCLUSION:

A. The vater in the neck detreases (goes down) as the air pressure in-
creases and pushes harder against the exposed area in the neck.

B. As the water ‘an the neck is pushed on by increased air pressure, the
the air in the space above the water inside the barometer ie slightly
compressed, '

C. As the sir prassure decraases, the vater in tha nack rises dus to the
fact that it 1is not being pushed on as much from the outeide, allowing
the slightly, compressed air on the inside force it up and {nto the
neck & 1ittle further,
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1. OBJECTIVE: Making and explaining how & hygrometer made from paper-
backed aluminum foil works.

II. __ i“RIALS: A. Plywood or other wood, 18 inchas x 18 inches
B. Two nails
C. Glue
D. Paper-backed foil from chewing gum or soap
E. Medicine droppar

F. Water

I1I1. PROCEDURE: A, Cut paper-backad foil into half inch wide strips.
B. Glue one end of each strip to a nail -~ (paper side imn)
~ naile spaced saveral inches.
C. Roll each strip tightly around the nail to which attached, .
with foil out.
D. Wet esach coil of paper with water from medicine dropper.
E. Mark position of loose end of paper vhen moist, and when dry.

GLVE TO HAIL
(PAPER. 8108 1&)

e, A
FOlL. STRILS j = W
1V.  OBSERVATIONS:

A. When moistened with a few drops of water, the paper uncoiled.
B. As the paper dried out, it coiled up again,

V. CONCLUSION:

A, As the paper absorbes the moleture, it expands causing the metal foil
to bend and uncoil,

B. As the paper dries out, it shrinks (contracts) dending the foil in the

opposite direction and coils up again.

C. Many hygrcmetere are constructed in this manner, having a needle or
pointsr attached to the paper-backed foil so that it can move freely
over a scale,

D. The scale of this type of hy;xon&tor is reac iirectly, -~ you do not
have to refer to tables as in tha wet and diy bulby type.
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OBJECTIVE: To make a hair-type hygrometer.

MATERIALS: A. Lcng strand of human hair.
B. Carbon tetrachloride
C. Small fishing sinker
D. 3/4 inch plywood, 6 inches x 18 inches
E. Straight pin or needle
F. "L" shaped bracket

PROCEDURE

A. Soak hair in carbon tetrachloride for 24 hours to remove natural oils.

B. Assemble apparatus as illustrated.

C. Number the scale, starting with the top or "low" reading and going down
the scale.

D. Record hygrometer reading for several days and compare reading with
correct veather conditions.

A NC 1" SHAPED BRACKET

r——" HUMAN HAR

PivoT |~~~ NEEDLE oR PN

FISHING WBiGHT
OBSERVATIONS !

A. As th) water vapor in the air increases, the hair stretches slightly
ani allows the pointer to move.

B. As the water vapor iu the air decreases, the hair shrinks slightly
ard causes the pointer to move in the opposite direction.

CONCLUSION:
A. A hygrometer measures relative hunidity.

B. Relative humidity 1s the amount of water vapor the air {s holding in
relation to what it could hold at that particular time and temperature.
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WEATHER

OBJECTIVE: To construct a hygrometer and explain how 1: works

MATERIALS:

A. Two identical thermometers

B. 3/4 inch x 4-1/2 inches x 8 inches - - plywood or pine board
C. Length of white shoe lace

D. Plastic or glass pill bottle (clear)

E. Glue

F, Screw eye

G. Relative humidity tables

PROCEDURE :

A. Assemble as illustrated

B. Slip shoe lace over bulb of one thermometer and place other end
in pill bottle.

C. FPill pill bottle with water -- hang hygrometer on the wall,

D. After hygrometer has been hanging on the wall for several minutes,
check both the wet and dry buld readings and determine relative
huaidity from the tables.

SCREW
4 o Bve

ConsTRUCT
‘A o "8"

A, WATER

OBSERVATIONS:

A. After hanging on the wall for several afnutes, the wet bulb tharmomete:

showad a lower temperature than the dry bulb.
B. Relative humidity could easily be obtained from the tables once the we!

and dry buld readings vere known,
CCYZLUSTON:

A, The wet buld thermometar showed a lower reading because evaporation {s

a cooling process.
B. Remember -- this gives the relative humidity for the room or area wvher

the hygrometer is located. NOT FOR THE QUT OF DOORS.



WEATHEK
I. OBJECTIVE: To make a sling psychrometer and explain how {t works.

1I. MATERIAL: A. Two thermometers

B. Eyes huok
C. 3/4 inch x 4-1/2 inchs x € inches plywood or pine boaru
D. "S8" hoor

E. About. 24" light weight chain or strong cord (nylon;
F. Lengtk of w~hite shoe lace

.II. PROCEDURE: A. Assemble as illustrated.
B. S1lip shoe lace over bulh of one thermometer and moisten
C. Swing the psychrometer in a circular motion, checking and
recording the temperature of :ach thermometer everv 15--20
seconds.,
D. Continue until temperature on wet bulb stops falling.

EVE HOooOK {"\--__, _
) "g* Hoox

A~ STRONG STRING OR LIGHT

. CHAIN

- 3"x 43"x 8" pyWo0D oOR
YINE BOARD
THERMOMETER

SHOELACE

o OBSERVATIONS: A. The wat bulb alvays vead less than the dry bulbd.
8. The wat buld temperature continued to drop while the
psychronetex was being spun about, until it reached
a certain puint, rthen it utopped falling.

CONCLUSION: A, The spinning causes wind which hastens evaporation of
the water on the shoe lace.
B. Evaporation is a cooling process.
C. The more moisture in the air, the less the evaporation
and the less the temperature drops on the wet bulbd.
D. The drier the air, the more rapid the evaporatioan, the
lover the temperature on tha wet duldb thermomater.
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Parts of the ear and their functions.

To demonstrate that sound originates from vibrating objects.
To demonstrate how sound waves travel.

To show that solids are good conductors of sound.

To show that water conducts sound better than air.

To construct a string telephone and explain how it works.
To demonstrate and explain how a megaphone works.

To show how the knowledge of the speed of sound can be used
to dotermine the distance of lightning.

To demonstrate that sound waves will not form unless matter
is present. (Sound cannot travel in a vacuum)

To demonstrata that sound waves will not form unless matter
is present. (Sound cannot travel in a vacuum)

To show the difference between frequency (pitch) and ampli-
tude in sound waves,



SOUND

T. INTRODUCTION:

1, What is sound?
A. That which 1s or can be heard - the sensation of hearing - a

form of energy.

2., What causes sound?
A, A vibrating odbject.

3. Do all vibrating objects cause sound?
A, No. The range of the human ear is between sixteen cycles
(vibrations) per second to twenty thousand cycles per second.
The average person hears vibretions between 100 to 12,000
cycles per second.

4, What s meant by the term "Hi-F1i?"
A. BRigh fidelity, or high quality vf reproduction - accuracy and
quality of reproduction, especially regarding sound.

5. What determines whether a radio, phonograph, tape recorder, or TV is "Hi-Fi?"

A. Unfortunately, there are not set standards. Phonographs and tape
recorders ranging in price from just a few dollars up to several
thousand dollars are quite often marked as being "Hi-Fi." Probably
tha determining factor in the end is whether or not the purchaser
and or the listener feels that the sound produced by the particular
piece of equipment is pleasing and does represent a high quality of
reproduction, If the set reproduces all sounds within the range of
the particular listener, then it might well be classed as high
fidelity for that particular person. However, the same fet might
well boe below the range of another person whose ears are more sen=-
sitive to the higher and lower frequencies. Another factor that
must not ve overlooked is quality of the tone, as well as the fre-
quency being reproduced.

6. ¥hat is deant by etereophonic?
A. A term used to denote a three dimensioral reproduction of sound,
such as in motion pictures, recordings, phonographs and radios.
Two or more channels are used to carry and reproduce the sounds
from the directions in which they were originally picked up by
two or more microphones.

7. What wmakes it possible for us to hear the various sounds?

A. As an object vibrates, {t sets the air around it in motion and
causes the molecules to vibrate and move outward in all direc-
tions. These waves or motions of the air are called sound
waves. Our eardrun, which is a thin mcmbrane, {a turn vidrates
at the same rate as the air allowing us to interpret these
motions of air as sound.
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SOUND

What is the main purpose of our ear?
A. It is our organ of hearing, however, it does contain the semi-
circular canals which control our equilibrium. (balance)

I1s air the best conductor of sound?

A, No. Afr is actually a poor conductor of sound, but it is the most
common conductor so far as the human ear 1is concerned., Water con-
ducts sound about four times faster than air and steel conducts
sounds about fifteen times faster.

What is the speed of sound?

A, Exporiments show that the speed of sound is 1,087 feet per second
in dry air, 0° Centigrade at sea level, The speed increases
slightly as the temperature rises. Wo usually say that sound
travels at 1,100 feet per second (about 750 miles per hour) The
speed of sound is referred to as Mach 1 by space travelers., Mach
2 would be twice tho specd of sound.

Yhat does the term supersonic mean?

A. 1t has a two-fold meaning:

1. Vvibrations or frequencies greater or higher than those audible
to the human ear. (Above about 20,000 per second)

2. Designating of a speed greater than that of sound or greater
than 1,087 feet per second. (About 750 miles per hour)

What does the term '"sound barrier' mean?
A. The sound barrier i1s the pile-up of air molecules produced when
an aircraft or missile approaches the speed of sound.

What is involved in 'breaking" the sound barrier?

A. Breaking the sound barrier requires exceeding the speed of sound
and passing through the '"pile-up" of air molecules. Passing
through this barrier requires a great deal of energy; 4t is like
going through a solid wall, The design of airplanes has been
changed to reduce the shock when passing through this barrier.
Prior to che chenga of design, airplaaes literally flew apact due
to the vibrations caused by shock waves that resulted when an air-
craft excoocded 750 miles per hour.

What does amplitude mean?

A, It refers to the loudness (intensity) of sound. 1t is determined
by the height of the sound waves, which in turn are determined by
the amount of the vibration of matter.
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15. How is amplitude measured?
A, 1t is measured in units called decibels by means of electronic
devices.
EXAMPLES:
1- \\'hisper I R R R T T T T T T Y 20 dec’.bels

2. Ordinary conversation, 3 ft. . . . .65 decibels
3. Notsiest spot at Niagara Falls ., . .95 decibels
4, Aflrplane engine, 1,600 R.P.M. . . .123 decibels
5. Limit of endurance, human ear . ., 130 de-ibels
b. Loudest possible pure tone . . . . 190 decibels
7. 12 fnch cannon « + + + + &+ + « o +» 225 decibels

le.  What 1is meant by frequency?
A? Frequency is the number of complete vibrations of a wave that pass
a given point in one second.
IN SOUND, it is the number of compressions and rarefactions per
second.,

RARu:AofloN COMPRQSSION f&’i’fe;}’fé‘:;’"
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H

1t is meant by niteh?

A. Pitch 1s the quality of tone or sound and fe determined by the
frequency of the sound waves reaching the ear; the greater the
fcequency, the higher the pitch.

18. ¥hat is music?
A, Music is an orderly arrangement of sounds that are pleasing to the
esar. These are so arranged as to i{nclude rhythm, harmony, melody

and tone quality.

19. What is a noise?
A. Noise {s any disorganized sound that is not pleasing to the ear. It
can be loud, unmusical, or dissgreeable in anyway,
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What are sound waves?

A.

What 1s

See # 7 and ¥ 16,

Sound waves are motions of the air, a scries of compressions and
rarefactions, that result from vibrating matter. ‘ihe energy of
a vidvrating object is tranemitted to the air. These sound waves
travel outward in all directions from the vibrating object.

an echo and what causes 1t?

A.

What is

An echo 1is simply a reflected sound wave. Echoes can be formed
when you shout towards large buildings, hills, or cliffs. The
sound waves created by your voice are reflected and return to

you as echoes. The human ear is capable of detecting sounde

that occur at least one tenth of a sccond apaxt. Because of this,
echoas can be formed in rooms that are 55 feet long or longer.
The distance that the sound waves would travel in a 55 foot toom
would be 110 feet, or one tenth of the 1,100 faet that sound
travels in onae second.

meant by the torm ''acoustics?"

A,

Acoustics are the qualities of a room such as a theatre, audi-
torium, etc., to conduct or transmit sound. The quality of how
clearly sounds can be heard in said room. The science of sound.

If sound only travels at a specd of 1,100 feet pexr second,” how can we

talk from coast to coast in the United States, or to distant points

in the world with no apparent time-lapse?

A,

Sound energy is changed to electrical impulses in tha telephone
or radio. Electricity and radio wuves travel at the speed of
1ight - 186,000 niles per second, whirh means that electrical
ensrgy can travel around the carth at tho equator seven and ore
half times in one second. The electrical impulses in a tele~
phone transuission are changed back to sound waves on the other
end of the line. 1In the case of radio, sound waves are con-
voerted to electrical impulses, which are in turn converted to
radio waves. These are converted back in the reverse order to
sound waves so that we hear them as normal sound.



SOUND
1. OBJECTIVE:  The parts of the ear and their functions.

1. MATERIALS:

A. Chart or dissectible model of the ear

AuRicLE HAMME o
ANVIL

STIRRYP
SEMICIRCULAR. CANAL.
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AN BRAIN
s >
Cochren
Y ’
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<,
Y,
10)\
<
%
INNER EAR.
II1I. PARTS OF THE EAR AND THEIR FUNCTICN:
A. OUTER EAR:
1. Auricle: To gather and direct sound waves down the auditory canal,

2. Auditory Canal: The passageway by which sound waves reach the
middle ear.

B. MIDDLE EAR:

1, Eardrum: Is a membrane stretched across the end of the auditory
canal and the beginning of the middle ear. It vibrates
at the same rate as the sound waves striking it. 1If
damaged, it will not vibrate properly.
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2. Hammer, Anvil and Stirrup: The three smallest bones of our body,
so named because of their shapes. The hammer is
attached to the eardrum and is attached to the
others by.means of ligaments. As the eardrum vi-
brates, it causes the hammer, anvil and stirrup
to vibrate at the same rate.

3. Eustacian Tube: Lcads from the middle ear to the back of the throat
it helps to maintain an even sir pressure on the
eardrum, between the outer and inner ear. If you
have been at high altitudes in an airplane or in
the mountains, or gone up or down a high speed
elevator, you have probably felt a change of pres-
sure 1inside the middle ear. Swallowing or chewing
gun will relieve this pressurza as the amount of air
in the Bustacian tube and middle ear 1is changed in
this way.

C. INNER EAR:

1. Cochlea: 1Is a snail-like coil filled with a liquid into which the
ends of the auditory nerves terminate., The vibration of
the stirrup, which is held to thin rear wall of the mid-
dle ear, is picked up by these nerves and transmitted to
the hearing part of the brain, the front part of the
cercbrum.

2, Semicircular Canal: Not a part of our hecaring mechanism. Controls
our gense of balance. (Equilibrium)
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OBJECTIVE: T» demonstrate that sound originates from vibrating objects.

MATERTALS:

A,

—

Tuning fork and rubber mallet

B. Pan or beaker of water

c. Dcum

D. Cereal, such as Rice Krispies

E. Tladio, with speaker exposed

F. Violin, guitar or other stringed instrument

G. Saxaphone ox other reed instrument

H., Trumpet or other brass instrument

I. Ruler

PROCEDURE:

A, Strike tuning fork with the rubber mallet or on rubber heel of shoe
and dip prongs into the pan of water. Observe and record.

CAUTION: DO NOT strike the tuning fork on other than a rubber object
as the tuning fork may be damaged.

B, Place grains of the cereal on the head of the drum and strike.
Observe and record. What happens when the drum head is hit harder?

C. Place grains of the cereal on the diaphragm of the radio speaker.
Turn the radio on, with volume at a low level. Observe and record.
What happens when the volume is increased?

D. Pluck a string on the violin or guitar. Place a thin strip of paper
against the string while sound is still audible. Observe and record.
Very lightly touch the bottom of case with a finger tip,

E. Have a student play a note on the reed instrument while you hold a
thin strip of paper over the exit end. Observe and record.

F, Now remove the reed from the instrument and have the student attempt
to play the same note while you hold the thin strip of paper over the
end of the instrument. Where does the sound originate? Observe and
record.

G. Have a student play a note on the trumpet while you hold a thin strip
of paper over the end of the instrument. Observe and record.

H. Have the student blow through the trumpet while you hold a thin strip
of paper over the end of the instrument. Observe and record. Have
the student explain what he did differently.

1. Extend one end of the ruler over the edge of a table or desk, holding

the shoit end tightly against table top while you snap the lonz end.
Observe and record
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OBSERVATIONS :

A.
B.

G.

Water in the pan splashed about showing that the tuning fork was vibrating.
The gralns of the careal bounced about when the drum was struck lightly.
The grains bounced higher and further when the drum was struck harder,

This indicates that the drum head was vibrating as sound was produced.

The grains of the cereal bounced about on the diaphragm of the radio
speaker, They bounced higher and further as the volume was increased. This
indicates that the diaphragm was vibrating as sound was produced.

The thin strip of paper vibrated when placed against the string that was
plucked, indicating that the string was vibrating. Vibrations could be felt
in the case of the instrument when touch2d lightly with the finger tip.
When a note was played on the reed instrument, with the reed in place, the
thin strip of paper vibrated. When the reed was removed, air only could

be heard escaping and the strip of paper moved away from the end, but did
not vibrate.

The strip of paper moved out and vibrated when the note was played on the
brass instrument. On the second try, only air came through: the paper
moved away from the end of the instrument but did not vibrate,

Sound could be heard as a result of snapping the ruler, causing it to
vibrate.

CONCLUSION:

A,

The louder the sound, the greater distance through which the object is
vibrating.

In the case of the violin or guitar, the string vibrated, causing the air
in the case to vibrate, which in turn caused the wooden case to vibrate.
In the case of the reed instrument, the reed vibrates, causing the column
of air in the instrument to vibrate, thus creating sound.
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D. In the case of the brass instrument, the persons lips vibrate,
causing a column of air to vibrate and create sound,
E. All sounds result from a vibrating object.

ADDITIONAL IMFORMATION:

A, In a piano, wires are caused to vibrate when struck with felt covered
hammers., This causes the air inside the piano to vibrate, which in
turn causes the wood of the cabinet to vibrate.

NOTE: Check the length of the wire as compared to the pitch of the
note,

B. A church pipe organ produces sound by means of air passing through
the long pipes and being forced out through small openings, causing
vibrations which we hear as musical notes. The air pascing through
the pipes originates from a compressor, usually located in the
bagsement of the church or in some other remote location.

C. Electric organs produce sound by first producing electrical impulses
in tubes or trausistors, these impulses are then amplified through a
serics of electronic components. The signal is then sent to the
speaker, causing the diaphragm to vibrate. As the diaphragm vibrates,
the air is set in motion and we hear or interpret these vibrations as
musical notes.

D. CHECK THE FOLLOWING TO SEE WHAT VIBRATES:

1. Policeman's whistle 8. Noise from air conditioner
2. Xylophone 9, Church bell

3. Flute-a-phone 10, Kaiydid

4. Clock ticking 11. Mosquito

5. Person talking 12, Squeaky door

6. Person whistling 13. Dripping faucet

7. Noise from a typewriter 14, Sound of the ocean
15. Roaring wind
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OBJECTIVE: To demonstrate how sound waves travel
MATERIALS :

A. Large shallow pan or tub
B, Water

C. Small plece of cork

D. Small pebbles

PROCEDURE:

A. Place the plece of cork in the water in the tub; observe the position
of the cork. .
B. Drop a small pebble in the water near the cork and observe.
' SouND WAYES ARE LONGITUDINAL WAYE
— WATER WAVES ARE
TRANSVERSE WAVES

WAVE MoTtion ~—»

WAVE LENGTH

PeEBBLE

DISPLACEMENT ©OF MEDIUM

OBSTRVATION:

A, Vaves moved outward in all directions from the place where the pebble
was dropped.

B. The cork did not move outward ---- it simply moved up and down.
CONCLUSION:

A. The cork did not move outward because the water did not move. cutward.

B. The wave travels in the water but the water itself only moves up and do

C. Sound waves travel through the air in much the same manner. The sound
waves travel through the air, but the air itself dccs not move. (See
##16 of introduction)
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I. OBJECTIVE: To show that solids are good conductors of sound.
1I. MATERTALS:

A. Broomstick

B. Steel rod about same diameter and length as broomstick
C. Tuning Fork

D. Watch

E. Two students

III. PROCEDURE:

A. Hold one end of the broomstick to your ear and the handle of a
vibrating tuning fork to the other end, Record observations.

B. Hold one end of the steel rod to your ear and the handle of a
vibrating tuning fork to the other end. Compare with the broom-
stick., Record observations.

C. Repeat A and B, this time holding the back of a watch to the end of
the broomstick and the steel rod. Record observations.

~

W

N TUNING
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OBSERVATIONS:

A,

The sound of the tuning fork was louder through the broomstick than
through the air.

B. The sound of the tuning fork was louder through the steel rod than
through the air and through the broomstick.

C. The ticking of the watch could be heard clearly through the broom-
stick and the stecl rod. It was louder through the steel rod then
the broomstick.

CONCLUSION:

A, Solids are very good conductors of sound.

B. Solids are better conductors of sound than air.

C. Steel conducts sound about fifteen times better than air.

D. Solids conduct sounds better than liquids.

Z. The earth is a solid. The Indians are said to have 'put their ears
to the ground" to determine whether or not horses were coming in
the distance.

F. Miners who have been trapped deep below the ground level have signaled
their pcsition by tepping on metal pipes.

G. Souunds from rooms above can readily be heard through solid wood or
concrete floors.

H. Sounds travel through liquids and solide better then through air be-

cause the molecules are closer together. The molecules of a solid
are closer .together than the molecules of a liquid.



SOUND
I. OBJECTIVE: To show that water conducts sound better than air.
II.  MATERIALS:

A. Aquarium three fourths full of water
B. Two spoons or two fist size rocks
C. Two or more students

III. PROCEDURE:

A. Strike the two spoons or two rocks together under water while another
student 1s holding his ear ageinst the side of the aquarium. Observe
and record. :

B. Strike the two objects together under water while the other student is
close to the aquarium, but not holding his ear against the side. Observe
and record.

C. Strike the two objects together in the air with the other student about
the same distance as in A and B above.

D. Can the sounds be heard better in A, B, or C?

STRIKE Rocks
“TOGETHER UNDER.

WATER. ——— / ' STUCENT WITH
' : FAR AGAINST
' / AQUARIUM

IV.  OBSERVATIONS:

A. The sound of the objects striking together was louder when they were under
water and the ear held to the side of the aquarium,

V. CONCLUSION:
A, Water is a better conductor of sound than air.

B. Sound travels about four times faster in water, therefore is about four
times louder when heard under water than in the air.
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soumin

ADDITIONAL ACTIVITY:

A. Vhen you are swimming, conmpare the sound of a motorboat under water
to that above water.

3. When swimming, have a friend move off about two hundred or more feet
and bang two rocks together under watexr while you are swimming under-~
water. Compare the sound with the banging of the rocks in the air
while your head is above water.
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SOUND
OBJECTIVE: To construct a string telephone and explain how it works.

MATERIALS :
A. Two paper or plastic cups or two tiu cans
B. Fifty or more feet of string

C. Sharp pencil or nail

PROCEDURE:

A. Maka a small hole in the bottom center of each cup or can, using the
pencll or nail point.

B. Pass the string through each hole, from the outside in, and make a
knot large enough that the string will not pull through the hole.

C. Stretch the string tight, having one student hold the cup to his ear

- while the second student talks into the opposite end.

D, What happens if the string is not kept taut? .

E. What happens if the string is allowed to touch another object while
talking?

—
— I Soreey on MOAD T~

k7
i

SOUND WAVES CAUSE Borv
" “To VIBRATE. OM of cup

& STRING VIBRATES




SOUND

IV. OBSERVATIONS:

A. The words of the classmate could be heard loud and clear through the
string telephonea,

B. If the string wes not held taut, the conversation could ot bo heard
through the string telephone.

C. If the string between the two cups was allowed to touch another object,
the conversation between the two students could not be heard.

V. CONCLUSION:

A. The bottom of the paper cup vibrates at the same rate as the sound
waves created by the students' voice. This in turn causes the string
to vibrate at the same rate. The string in turn causes the bottom of
the other paper cup to vibrate at the same rate. The car then re-
ceives these vibrations and interprets them as sound.

B. Sounds could not be heard when the string was not tight because it
could not vibrate.

C. Sounds could not be heerd when the string touched another object be-
cause the vibrations were interupted and did not reach the opposite
cup.

D. The string telecphone cerries the sound better than the air.

E. The bottom of the paper cup acts as a diaphragm, vibrating in unison
with the sound waves that strike it,




SOLND

[. O0aJECTIVE: To demonstrate and explain how a neganhione works.,

: 1. MATLRIALS:

A, 'eganhione or niece of noster oard from whiich one can be male
R. Tape or stapler

111, PRUCFOUK.:

CARFFULLY CONTROLLED WHISPER

' . )
! CAN YOU HEAR ME?
) .‘ ‘ ! \. §

MEGAPHONE
DIRBCTS SouND WAVES

A. 1f mepachone is not avatlable, construct cae bv usins the pocter-
; board and tape,

"o Divice the class tnto two ~“rcuys, bavine caclh ~gonn sit on onposite
sides of the room,

C. lave a student whisper a number to ti.e £rour on tie left side, using
the recaphone.

1. Do the studenta on the left hear this whispered numher?
2. D¢ the students on the ripht hear the whispered number!?
0. Have the same atudeant whisper a runbet without using the neauphohe.

tow many of the students hear the whispeted number?

LS nGRAT COPY.BES”
ERICE Ar 1mE ramed




E. Have the student cup his hands about his mouth and whisper a
number to the group on the right:

1. Do the students on the right hear the whispered number?
2. Do the students on the left hear the whispered number?
IV. OBSERVATIONS:

A. Only the students on the side towards which the negephone was
pointed heard the first whispered number.

B. Most students on each side of the room heard the whispered number
when a megaphone or cupped hands were not used.

C. Only the students on the side towards which the cupped hands were
pointed heard the nunber this time.

V. CONCLUSION:

A megaphone or cupped hands can direct sound waves and make them
appear louder in the direction the megaphone is pointed.




SOUND

I. ORJUCYIVE: To sliow how the knowledge of the speed of sound can te used to
determine the Jdistance of liphtning,

. MATERTALS:

A, Ston watch or a watch with a sweep second hand
B. A thunder storm

III. PROCEDURE:

A. By use of the stop watch or the watch with the sweep second hand, carefully
tire the interval between the flash of lightning and the sound of the
thunder.

B. Hultiply the tine lapse in seconds times 1,100, ---- the distance in feet
that sound travels in one second. This will give you the number of feet
the lightning is from vour location.

C. Divide the distance by 5,280 (the number of feet in one nile) and you have
the distance in miles.

Nore rwe rime
BETWEER LISHINING
AND THONOER AND
MuLnipPLY BY 1,160 ”/xc,

Py : w’”’
o NG s SECAND HAND
R 0 S

WA

<

IV.  OBSERVATIONS:
A, All lihtalne flashes fror the sarme storm are not th2 save distance.
V. CONCLUSION:
A. L{plht travels at a speel of 136,000 niles per second so {t reaches us
instantanecuslv. =---Sound travels only 1,107 feet per second, so there
{e a ronsidecable tire-lapse between the flash of 11 itniny and the
souad of the thunder that follevs,

AT IONAL ACTIVITLES:

A. At athletic events flreworis, etc. , this same techniaue c¢an be uged to
deternine the Jistance of the starting ~un, the firewvoris, otc,




SOUND AND SPACE

I. OBJECTIVE: To demonstrate that sound waves will not form unless matter is
present, (Sound cannot travel in a vacuum)

11. MATERIALS:

A. Wide mouth flask with two hole rubber stopper to fit
B. Small bell

C. Glass stirring rod

D. Llength of glass tubing

E. Llength of rubber or plastic tubing

F. Pinch clamp

G. Thread or tape, or both

H. Water

1. Source of heat

IITI. PROCEDURE:

A. Set up apparatus as fllustrated in Fig. A --~- Shake flask to see if you
can hear bell,

B, Roil the water to drive the air out of the flask.

C. Close the pinch clamp and allow the water and flask to cool.

D. Again shake the flask and listen for the ringing of the bell.

B. Allow the air to re-enter the flask and then shake again.

CAUTION: Use liquid socap as a lubricant when inserting the glass tubing and
stivring rod through the rubber stopper. Use extreme care to avoid

being cut,
B om0 R
Geass e vo PINCH CLAMP
TU8ING

N o ELECTRIC Hor PIATE
HE LTS AL
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SOUND AND SPACE

OBSERVATIONS :

A,

The ringing of the bell could be heard faintly before the water was
heated, :

B. When the wator was heated and the air driven from the flask, the ring-
ing of the bell could not be heard.
C. The ringing of the bell could be heard again as the air entered the flask.
CONCLUSION:
A, Sound cannot travel in e vacuum since there is no matter to vibratae.
B. The explosive activity on the sun cannot be hwvard because there is no
alr between the sun and the earth.
C. Men in space must comwunicate with one another via redio since there
are no air molecules to forn sound waves.
D. Since the moon has no atmosphere, the first cstronauts to arrive there

will be greeted with an cerie silence and will have to depend entirely
upon radio to comnunicato with fellow astronauts, even though only a
few foat spart,
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SOUND AND SPACE

OBJECTIVE: To demonstrate that sound waves will not form unless matter ie

present. (Sound cannot travel in a vacuum,)

MATERIALS:

A, Vacuum pump and bell jar

B. Bell and battery

PROCEDURE

A. Hook bell to battery and while ringing, place on pump plate. Cover with
the bell jar, making certain the bell is not touching the bell jar or the
pump plate,

B. Listen to see if ringing of the bell can be heard.

C. Turn on vacuum punp so that the air in the jar is gradually removed.

D. Stop the pump after a few minutes and listen for the ringing of the bell.
If you can still hear the bell, allow the pump to run for several minutes
longer.

E. 7Turn off the pump again and if the bell cannot be heard ringing, feel of
the jar and the pump plate to check for vibrations.

f. Slowly allow the air to re-enter the jar,

(¢ )

Bew JAR wirw AR Renwprp
THREAD SVSFENSION
— BEIL

e

, L~ PUMP PIATE
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SOUND AND SPACE

OBSERVATIONS ¢

A,

The sound of the ringing bell wa: nmuffled when the bell jar was
placed over it, however; it c. 11d still be heard.

B. As the air was evacuated (removed) the ringing of the bell becs 3
fainter.

C. When all or most of tho air was removed, the ringing of the bell
could no longer be heard.

D. Vibrations could bo folt through the pump plate, and to some ex-
tent, thrcugh the bell jar.

E. As the air was allowed to slowly re-enter the jar, the ringing of
the bell could again be heard. The sound became louder as more
air ontered the jar.

CONCLUSION:

A. Sound cannot travel in a vacuum since there is no matter to vibrate,

B. The explosive activity on the sun cannot ba heard becausge there is
no air betwoen tho sun and the earth's atmosphere.

C. Men in space must communicate with one another via radio, since thera
are no air wolecules to form sound waves.

D. Since the moon has no atmosphere, tho first astronauts to arrive there
wvill be graeted with an eerie silence and will have to depend eantirely
upon radio to communicate with fellow astronauts, even though only a
few fecat apart.,

B. There is no such thing as a poerfeet vacuum here on earth., Man has

not been able to construct equipment that is capable of removing
the last molecula of air frca an ares,
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SOUND

OBJECTIVE: To show the difference between frequency (pitch) and

amplitude in sound waves,

MATERIALS :

A. Oscilloscope

B. Amplifier or tape recorder with amplifier and microphone

C. Tuning forks of different frequencies

D. Lead wires with alligator clips

PROCEDURE:

A. Attach amplifier to the vertical input of the oscilloscope.

CAUTION: Make certain that you follow the manufacturers procedure
in operating the oscillesccpe.

B. Adjust the intensity, focus and other controls so that a horizontal
linc i{s centered with the center line of the grid, both horizontally
and vertically.

C. Hold a vibrating tuning fork (125 ¢ps) nesr, but not touching the
microphone. Observe pattern on the screen of the oscilloscope.

N, Repfat C, using each note of the scale, 128 cps (C;) through 512 cps
(chH.

E. 1If available, use a tuning fork with 1,000 ~ps and 4,000 cps,

F. What happens as the intensity of the vibrations decrease?

Amoirier OSCILLOSCOPE

\

MicRorsHONE

\

TUNING FoRw



SOUND

IV, OBSERVATIONS :

—_—— e .

The sound waves as seen on the scree. were closer together {n the
higher frequency tuning forks than .n the lower frequency forks.

As the intensity of the vibrations decreased, the height of the waves
on the screen above and below the horfizontal line also decreased.

HIGH FREQUENCY LOW FREQUENCY

Lo AMPLITVDE Low AMPLI TULE

AVAVAVAVAVAY

Hiex AMPUTUVOE

WM 7

Hidip AMALITWE

V. CONCLUSION:

A.

B,

C.

D,

The higher the freyuency (pitch) of sound, the greater the vibrations

petr second.

The higher the frequency (pitch) of sound, the closer together the sound
4BV 28,

The greater the amplitude (volume) {(loudness) of sound, the greater
distance the sound waves travel above and below the center line. 1In
other words, the louder sound waves are higher than the softer sound wave
The microphone converts sound waves to electrical impulees. They are
{ncreased in size by the amplifier, then converted to light waves on

the fluorescent screen of the oscilloscope.

ADDITIONAL ACTIVITY:

A

B.

The swudcrts will probably enjoy talking fnto the microphone and seeing
the tound waves created by their nwn voice. Have them change the pitch
of tlelr volice.

Conncct the wites from the speaker of a radio or phonograph tuv the
oscilloscope and observe the different patterns that appear depending on
the frequency of the sound and the volume to which the radio ot pheno-
grapt has been adjusted.



SPACE

CONTENT :
INTRODUCTION
VOCABULARY

CONCEPT

To construct an all purpose ringstand.
To demonstrate inertia.
To show action and reaction.

To demonstrate Newton's Third Law of Motion - for every
action, there is an equal and opposite reaction.

To demonstrate inertia guidance. (gyroscope)
To show what causes balloons to rise.

To demonstrate the effects of aerodynamic 1ife.




SPACE

Introduction

A,

B.

C.

D.

What 1s space?

Space 13 considered to be everything beyond the earth's atmos-
phere. In space, there is an almost total lack of the molecules
that nake up matter. In the earth's atnosphere, "thin” air is
really conmposed of molecules that are packed tightly together.
In space, there are only a few nolecules per cubic foot as com-
pared with nillions of molecules in a cubic foot of the air we
breathe on earth,

What does a person hear and see in space?

Because thete's no air in space, there is no sound. That's be~
cause sound transmission depends on air nolecules. When you
clap your hands, you hear it because molecules are compressed
in waves that strike your eardrun. Since there are no air
molecules to compress in space, there is no sound.

The blue of our sky 1s caused by the way in which molecules and
dust particles disperse the light rays. Without them there is
no color; therefore, space is black.

Is it hot or cold in space?

It 1s both; the tenperature ranges from extrene heat to extreme
cold. Because of the density of air on earth, temperatures are
noderate, dispersing heat so it never gets too hot, keeping
heat 8o 1t never gets too cold. 1In space, there is nothing to
retain heat, so it is very,very cold. On the other hand, near
the sun or any other star, thare {s nothing to protact you fron
the heat. If a person took a sun bath in space, the eide fac-
ing the sun would burn up, while the side away from the sun
would freaze.

How do rockets work?

If a person fires a shotgun, a blast goes out the end of the
barrel; at the same time, the stock kicks back into his shoulder,
That 1s because every action has an cqual reaction in the oppo-
site direction,

Fill a balloon with afr, then release it and you have a rocket of
sorts. The balloon is moving in the opposite direction from the
escaping air; not because it is pushing against anything, that
Just happens to be a natural law of notfon. (Renenber that in
space there 18 no afr for the escaping gases of a rocket to push
against, 8o we nust think of Newton's Third Lav of Motion: ''For
every action there {3 an equal and opposite reaction.”) Fill a
large enough balloon wiih gas and release it, and a lot of weight
can ba 1ifted at a very high speed. By %his same principle the
rocket works, .



E. VWhat keeps a 7pacecraft "up" or '"in orbit"?
Think of a weight tied on the end of a long rubber band., Start
twirling, and the weight will go in a circle. It will also
rise up if you twirl fast enough, until its path will be in a
circle parallel to the floor. It is "in orbit" around your
finger. Its speed outward balances the pull of the rubber band.
The sane thing happens with a rocket and earth's gravity, which
acts as the rubber band.

F. How does a spacecraft get out of orbit?
Thexre are two ways: eoither by slowing down, in which case the
spacecraft would fall back to earth, or by speeding up, in
which case it would go out into space. It is like the weight
on the rubber band, Twirl fast enough and the band will break,
causing the weight to fly off and out. The sane is true for
a spacecraft. Increase its speed enough, and it will break the
pull of carth's gravity. It will go out of orhit,

G. VWhich way 1is up?
We think of a rocket going 'up" from the earth, because the earth
is trying to pull it down. But once the spacecraft escapes the
earth's gravitational field, and until it enters the effective
field of some other body's gravitation, there's no longer a 'down".
Therefore, there is no up.




RINGSTAND
OBJECTIVE: To construct an all purpose ringstand.

MATERIAL: 1" x 38" square board

1 triangle brace baseside 1-3/4"
altitude side 1-3/4"

1 rlece of 3/4" x 3/4" - 14 inches long

1 piece of 3/4" x 1" =~ 8 inches long

1 wire coat hanger

2 - 6 penny nails

Elmer's glue

PROCEDURE : A. VUse glue on all joints
: B. Asgemble as ghown in diagram

Y/‘Mﬁ. HERE

}‘_"GLQFAMHGEAU

3/4le 3/4'”X8” PIEGE e

CoAT HANGER E£YE Loop 7

~?/ 14 3 U] »

4 X4 X8" PIECE oF woop ————l» . 7755 Sope
FRo, 77

MIL HERE [ -m’” orrom

B X 8"X %47 BASE - * || _~Gue srace uy

CONCLUSION: This ringstand can be vsed for uany demonstrations.
Size of ringstand may vary.



SPACE
I. OBJECTIVE: Two ways to demonstrate inertia.
II, MATERIALS:
A. A heavy book or weight
B. One sheet of notebook paper

C. Two 5-foot lengths of lightweight wrapping twine.

III. PROCEDURE:

A, Place the book on the sheet of paper that is lying flat on a table.

B. Slowly pull on the paper and observe. Record observations.

C. Give the paper a quick jerk and observe the book. Record observations.

D. Hang the book or weight from the doorway as illustrated.

E. Pull down slowly on the lowe= string until one of the strings breaks.

F. Repair the broken string. Now give the Jower string a quick jerk.
Observe and record.
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SPACE

OBSERVATIONS:

A,

B,

C.

D,

The book stays on the paper and moves along with it when the paper
ie pulled slowly.

When the paper is j:rked quickly, the book remalns practically in
place.

The top string breaks when the bottom string is puiled slowly.

The bottom string breaks when the bottom string is pulled quickly,

CONCLUSION:

A

B.

C.

D,

When the paper was pulled slowly, friction of the book against the
paper was able to overcome the inertia of rest. ,

When the paper was jerked quickly, the friction of the book on the
paper was not sufficient to overcome the inertia of rest.

The top string broke when the bottom string was pulled slowly because
there was the pull of the gravity on the book, plus the pull of your
hand on the top atring.

The lower string breaks when pulled guickly because the inertia of
the book at rest is stronger than the bottom string.

NOTE: Newton's first law of motion 1y as follows:

A body at rest remains at rest, or in uniform motion in a straight
line unless acted upon by some unbalanced (external) force.



SPACE

OBJECTIVE: To shtow action and reaction
MATERIAL: Ringstand Cord Hammer

Nail Can Water
PROCEDURE: 1. Punch three holes in side of can at top.

2, Punch hole in can about 1 inch from bottom
Bend nail so water will pour out at an angle.
Remove nall,

3. Tie cords as shown in diagram and attach to
ringstand.

4. Fill can with water and observe as water pours
from can.

OBSERVATION: A. VWhat happens to can as water drains from it?
B. What would happen if angle of lower rail hole
was reversed?
C. Does this show how a satellite can be turned by
the use of a liquid ur gas?
D. What happens to the can when water ceases to flow?
E. How does Newton's Third Law of Motion apply here?

CONCLUSION: A. The can begins to rotate due to action opposite that

of the escaping water.

B. If the angle of hole was reversed, the can would
rotate in opposite direction.

C. Satellites and space capsules can be turned in same
manner by small rocket engines.

D. %hen flow of water ceases, the can stops rotatinvg.

E. Newton's Third Law of Motion: For every action there
is an equal and opposite reaction.




SPaCE

I. OBJECTIVE: To demonstrate Newton's third law of motion -- For every
action, there is an equal end oppnsite reaction.

TL. MATERIALS:

A. A stool that will rotate freely -- a piano stool will probably do
B. Baseball bats of different gizes and weights

I1I. PROCEDURE:

A. Have a student sit on the stool with feet free of the floor.

B: When all persons are clear of the stool, have this student swing
the lightest bat as hard as possible and observe. Record results,

C. Now have him swing this same bat very easy. Observe and record
results,

D. Hand him a much heavier bat, make certain all persons are standing
clear, and have him swing the ba*t as nard as possible. Observe
and record. Compare results with light bat: =

IV. OBSERVATIONS:

A, Ther« was some movement of the stool when the light-weight bat was
swung. The movement of the stool was opposite to the movement of
the bat. The harder the bat was swung, the greater the movement
of the s3tool.

B. The stonl turned a considerably greater distance when the heavier bat
was usel as compared to swinging the lighter bat.

. CONCLUSION:

A. This proves that for every action there is an equal and opposite
reaction, :




SPACE

ADDITIONAL ACTIVITY:

A. Put on roller sketes and stand on a8 smooth sidewalk with your
feet parallel and close together,

B. Throw the ball to a friend who is standing far enough away
(and also on roller skates) so that you have to throw
rather hard to reach him.

1. VWhat happens when you throw the ball?
2., Vhat happens when your friend catches the ball?
C. Repeat 'B", but throw the ball harder. Have a third friend

neasure the change in locations of each person after each
throw.
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III.

SPACE

OBJECTIVE: To demonstrate inertial guidance (gyroscopes)

MATERIALS:

A. TFront wheel of a bicycle fitted with wooden handles at the ends of
the axles.

B, String

C. Free-turning stool ( A piano stool may work )

PROCEDURE:

A. Set bicycle wheel spinning as rapidly as possible.

B. Hold by handles and try moving in all directions. Note and record
any reactions.

C. Set the wheel spinning again and suspend by one handle with the
string. Note and record all actions.

D, Set the wheel spinning again and suspend by the opposite handle.
Note and record all actions.

E. Set wheel spinning again, hold by both handles while sitting on the

free-turning stool, making certain that both feet are clear of the
floor. _

1. Tilt the wheel to the right and record any action,

2. Tilt the wheel to the left and record any action.

FRONT WHEEL oF A
Bicvcte WITH Woavgn
HANDOLES AT THE ENAS
OF THE AXIS

STRING~»

RovAaTiNg
WHEEL

AXLE

Woooey
HANDLE /

PROTECTIVE SHIELD
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IV, OBSERVATIONS:

A, There was a resistance to turning the spinning wheel i1 eny direction
when 1t was held by both handles.

B. When the vheel (which was spinning) was suspenied by the one handle,
it rotated in a clockwise direction; when it was suspended by the
opposite handle, it xotated in a counter clockwice direction, This
rotation is called precession.

C. VWhen the spinning wheel was held by both handles while sittin3 on a
free-turning stool:

1. The stool turned to the right as the wheel was tilted to
the left.

2. The stool turried to the left as the wheel was tilted to
the right.

V. CONCLUSION:

A, A gyroscope, or rather; roveral gyroscopes are utilized in the guidance
and statilization systems of rockets and space capsules.

B. Gyroscopes have been uvsed in the stabilization systems of ships and
airplanes for many years . In sn aircraft, this system is called
the automatic pilot.

C. The gyroscopes in automatic pllots, guldance syatems, ctc. are moter
driven.

D. A gyrocompass, which is more stable, but must he constantly reset with
a magnetic compass, works cn the same bacis. It must be constantly
reset due to precesaion.




SPACE
I. ORJECTIVE: To show what causes balloons to rise,

IT. MATERIALS:

e e e

A. Yard stick or other iong stick

8. Two paper bags

C. Thread

D. Candle or electric hot plate or both

I1I. PROCEDURE:
A. DPalance the yardstick and paper bags as illustrated.
B. Hold a lighted candle beneath one of the bags. DANGER - CAUTION
JATCH OUT YOR FIRE.

( If a fire extingufsher 1s not available, place an electric hot plate
beneath the bag.)

THREAD

YARD STICK

CANDLE
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OBSERVATIONS:

A. The side of the balance on which the paper bag was heated movad
upward.

CONCLUSION:

A. When air is heated, it becomes lighter then the surrounding air and

B. iize:eat from the hot plate or candle caused the heated air to fill

C. $E: :ig'in this bag baing lighter caused the bag o move upwards.

GENERAL INFORMATION:

A,

B.

G.

H.

The first recorded balloon f£light took place on June 5, 1783 in
Annonay, France.

The brothers Joseph and Pierre Montgolfier designed and flew this
balloon,

They filled the balloon with hot air which permitted only limited
flight.

As the air cnoled, it contracted allowing the balloon to settle back
to earth,

Shortly after this flight, arothsr Frenchman sent up a rubberized
balloon filled with hydrogen.

Hydrogen gas weighs 5.6 pounds per 1,000 cubic feet; 1,000 cubic feeot
of air weighs 87.9 pounds, giving a net 1lift of 82.3 pounds for cach
1,000 cubic feet of hydrogen.

Hydrogen is very flammable and when discovered, helium raeplaced
hydrogen since it is not flammsble.

1,000 cubic feet of helium weidghs 11.2 pounds, giving each one thousand
cabic feet a net lift of 76.7 pounds.
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OBJECTIVE: To demonstrate the effects of aerodynamic lift.
MATERIALS:

A, One sheet of tynewriter paper Low ACKOSS
'?'oP suRrAce)-y

PROCEDURE: . @{ 2
/ 1

A

LIFTLC

 ——m.
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PRESSURE. oN PAPER ;
~ o] SURFACE
Gf 3 sy
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e

™

ORIG INA L
POS\T'ON oF -
PAPER

A. Cut the paper into a strip about four inches wide.

B. Hold the paper between thumb and index finger and blov steadily across
the top of 4:.

C. Cbserve and record.

GESERVATIONS :

A As you blow steadily across the top of the paper, the end that is not
supported 1ifts upwards.

CONCLUSION::

A. The paper represents the wing of an airplane,

B, The shape or design of an afrplane wing 1is called an afrfoil; 1t is
dasigned to produce a 1ift.

C. This 1a besed on Bernoulli's Principle, which scates:

"As thu velocity of a gas or liquid is increased, the pressure
parpindicular vo the flow is decreased.”

D. Daniel. Bernoulll (1700-1782) was a Swiss physicist.

E. Alr in accelerated as it moves over the top surface of au afrplane
wing, thua reducing the pressure in this area. The shape of the
wing causes the ajr to move more #lowly under the dbottom surface,
producing a greater pressure there. The net increase in this
pressure on the bottom surface results in "1ift",
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V. CONCLUSION: (cont'd)

—— -

F. A propeller or jet engine simply provides the thrust to push or pull
the air plane through the air. The wings provida the lift.

G, In the case of the rocket which has no wings, the engines are
powerful enough to push the rocket upwards, just as a rock or ball
is thrust upward when thrown,

3

LIFT : AIR PRESSURE REWED ON Top SVRFACE
DUE TO INCREASED VELOUTY oF AR OVER.
IT AS COMPRAREL To LOWER SURFACE
/"'* 'ﬂ
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H. Air must travel fastazr over top surface to reach point "A" at
sane time as air traveling over botton surface.



